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THE UNRELIABILITY OF CYANOSIS IN THE RECOGNITION OF 

ARTERIAL ANOXEMIA* 

By Julius H. Comroe, Jr., M.D. 

AND 

Stella Botelho, A.B. 

PHILADELPHIA, PENNSYLVANIA 

(From the Department of Physiology and Pharmacology, Graduate School of Medicine, and the 
Departments of Surgical Research (Anesthesia) and Pharmacology, School 
of Medicine, University of Pennsylvania) 

In 1919 Stadie'^ first correlated arterial saturation of 80% is equivalent to that 
oxygen saturations with clinical impres- produced by inhalation of 10 to 12 % o.xy- 
sions of cyanosis in patients with pneu- gen instead of the normal 21% present 
monia. His data show that lower arterial in room air. 

oxygen saturations were usually associated Despite these 2 careful studies which 
with more intense cyanosis but that the indicated that serious arterial anoxemia 
arterial saturations corresponding to im- may exist before even moderate cyanosis 
pressions of slight, moderate, marked and is visible, most physicians have continued 
intense cyanosis varied widely in different to regard cyanosis as the most character- 
patients. In 12 patients with “moderate istic sign of anoxemia and the most reli- 
cyanosis,” the arterial oxygen saturations able guide for intelligent oxygen therapy.'^ 
ranged from 65 to 91 % while in 12 in- It has been our impression for some years 
stances of “marked cyanosis,” the satura- that excellent diagnosticians differ widely 
tions varied from 56 to 86 %. A few years in their ability to recognize visually the 
later, Lundsgaard and Van Slyke,® in their presence of arterial anoxemia. The devel- 
monograph, “ Cyanosis,” summarized the opment of the oximeter by Millikan® pro- 
factors which contribute to the presence vided us with a new method with which 
of cyanosis and concluded that approxi- we could repeat and extend earlier stud- 
mately 5 gm. of reduced hemoglobin must ies’ using large numbers of observers and 
be present in 100 cc. of capillary blood to subjects. It became evident early in these 
produce visible cyanosis in an individual studies (a) that the detection of cyanosis 
otherwise normal; this could correspond depends not only upon variables in the 
to an arterial oxygen saturation of 80% patient , but also upon variables in ob- 
and a venous saturation of 55% (assum- servers and (b) that cyanosis is a poor 
ing a peripheral A-V oxygen difference of guide for the detection of arterial anoxemia 
5 vols. per 100 cc.). An arterial oxygen of slight to moderate degrees. 

* This work was performed under contract with the Medical Dmsion, Chemical Warfare Service, 
Edgewood Arsenal, Marjdand, 

Yoi. 214, NO. 1— JULY, 1947 
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Method. These experiments were designed 
to measure the highest arterial oxj'gen satu- 
ration at which observers could detect cyan- 
osis. The arterial oxygen saturation of nor- 
mal subjects was varied by the inhalation 
of low oxygen mixtures while observers at- 
tempted to estimate the existence and degree 
of cyanosis present. The arterial oxj’gen 
saturation was measured continuous!}' by 
an oximeter. This instrument is essentially 
a miniature photo-electric colorimeter which 
may be placed on the ear; it measures arter- 
ial o.xygen saturation with an average ac- 
curacy of 3% (as compared with values 
obtained by direct determinations on arterial 
blood). A total of 20 subjects (normal 
white males between the ages of 19 and 25, 
all accustomed to laboratory procedures) and 
127 observers (105 medical students and 
22 physicians) participated in the study. 

A typical experiment was conducted as 
follows: An oximeter was attached to the 
subject's left ear. His nose was occluded 
by a clip. He then breathed through a 
mouthpiece, an inspirator}' demand valve, 
and an expiratory flutter valve. Arrange- 
ments were made so that he might inhale 
room air, 100% oxygen, or 12, 10, or 8% 
ox}’geu (the remainder of the gas mixture 
in the latter 3 instances being nitrogen) in 
random sequence; precautions were taken 
that no one e.xcept the recorder knew the 
gas mixture being inhaled or the o.ximcter 
reading.s until the experiment was concluded. 
Five GOOD liter high pressure tanks contain- 
ing the gas mixtures were connected to a 
5 outlet manifold: the oximeter recorder, 
the gas tanks and all manipulations of these 
were obscured from the observers and sub- 
ject by a screen. The subject was given 
room air to breathe, and the observers were 
infonned that the subject’s color at that 
moment represented his “ normal" color.* 
From thi.s time on the observers, in groups 
of 4 to 10, were in.-tnictcd to note the color 
of the .‘uibject’.s face, right ear, h.ands, 
fingers or nail-lKHl.s every A minute and 
indcjicridentty record it as *• norm.al," ’‘.>ilicht- 
ly or questionably cyanotic’’ or “definitely 
cyanotic.” .^ince eacli px;>enmenf lasted 
apjiroximately .10 minute-, each observer 


this time the subject was given high and 
some of the low oxygen atmospheres to 
breathe for variable periods of time. Each 
subject was made anoxemic at least tm'ce 
in each e.xperiment. Each low o.x}'gcn mix- 
ture was breathed for a minimum of 2 min- 
utes after the o.ximeter had reached its 
lowest level. 

The conditions under which the experi- 
ments were conducted were unusually favor- 
able for early detection of cyanosis by the 
observer for sex'eral reasons: (a) the e.xperi- 
mental room was lighted by daylight or by 
artificial tungsten filament lamps; (b) the 
subject’s normal color was observed as a 
control with which ensuing color changes 
could be compared; (c) the observers were 
informed that periods of low and high arterial 
o.xygen saturation in the subject could be 
expected during the ensuing 30 minute per- 
iod; and (d) all subjects were white males. 

The studies were conducted in a warm 
room, free from draughts, to minimize the 
occurrence of peripheral vasoconstriction 
and local cyanosis due to cold. Total hemo- 
globin was determined upon venous blood 
in 16 of 20 subjects; hemoglobin varied from 
13.5 to 1G.5 gm. per 100 cc. 

Results. In Table 1 are recorded the 
lex’els of arterial oxygen saturation cor- 
responding to estimations of “normal 
color,” "slight or questionable cyanosis” 
and “definite cyanosis.” This shows that 
the x'isual impressions of cyanosis are 
not necessarily accurate indications of 
anoxemia. Of the 3673 observations made 
when the subjects were breathing room 
air or o.xygen and had oximeter readings 
of 96 to 100%, 26% stated that slight 
cyanosis e.xisted. Furthermore only 49% 
of the students and 53% of the staff 
obscr\'ations indicated "definite cyanosis” 
at the times when the oximeter registered 
SI to S.5% saturation (the level found by 
Stadie in severe lobar pneumonia).' Even 
at 71 to 75% .■saturation, 2.5% of the 
.ctudent and 15% of thest.alT ob.servations 
recorded only "slight cyanosi.s.” 

The highr.-t level of arterial oxygen 


Dunne 


W) color e-tiniationa. 


m.^de about 


• w* a trjril w’:i5 The 

• ^ nr nr.'! fh*' of rynno-'i* while the fpfordrr 

t!.*' rvi Jirir*. Wh*’r. all r*'p» mir'M rlrfinitf rynnrfi-^, thf ‘iihjppt hrcnthM 
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saturation at which each observer noted 
definite cyanosis is recorded in Table 2. 
Because of the marked inconsistencies 
that occurred in the records of many ob- 
servers, data from consistent “series” only 
are included in this table.* The median 
in both the student and staff groups noted 
definite cyanosis at 85 to 81 % saturation. 


For example, 1 physician first noted defi- 
nite cyanosis at levels of 84, 77, 94 and 82 % 
in 4 consecutive trials upon the same 
subject within a period of 40 minutes. 
There were 35 cases in which observers 
noted definite cyanosis (in consistent 
series) 2 to 5 times in the same subject. 
In 11 instances (31%) the highest and 


Table 1. — Percentages of Total Observations at Various Arterial Oxi'GEN Saturation 
Levels Noted as Normal Color, Slight Cyanosis or Definite Cyanosis 


No. observ.ations at each 
arterial O: level 


Oximeter 

reading 

w? 

C 

tu 

U 

fc: 


g 

V 

c 

<y 

-c 

(arterial O 2 


cl 

0 


saturation) 

33 

m 


OT 

100-96 . . 

. 2865 

808 

3673 

07 

95-91 . . 

. 711 

203 

914 

42 

90-86 . . 

712 

182 

894 

33 

85-81 . . 

. 799 

244 

1043 

15 

80-76 . . 

. 418 

76 

494 

10 

75-71 . . 

139 

47 

186 

4 

Total . 

. 5644 

1560 

7204 



Table 2.— Highest Level of Arterial Oxygen 
Saturation at Which Definite Cyanosis 
Was Noted by Each Observer Who Made 
1 or More Series of Consistent Obsebva- 


TION8. 




Oximeter reading 
(arterial O 2 
saturation) 

Students 

Stair 

Total 

100-96 . . 

. . 1 


1 

95-91 . . 

. . 9 

2 

11 

90-86 . . 

. . 15 

5 

20 

85-81 . . 

. . 19 

7 

26 

80-76 . . 

. . 9 

2 

11 

75 or below 

. . 18 

2 

20 


71 

18 

89 


It must be remembered that the data in 
Table 2 represent the highest saturations 
at which observers detected definite cyan- 
osis. An observer often noted cyanosis 
at a high level in 1 series of observations 
and 10 to. 20 minutes later was unable to 
detect cyanosis in the same subject until a 
much lower oximeter reading was reached. 


% observations reported 


Norma) 



Slight 



Definite 


color 



cyanosis 



cyanosis 















§ 











i 

g 

2 

i 

g 

iS 

s 

i 

g 

cl 

a 

0 

•0 

fc: 

cl 

— > 

0 

CJ 

to 

a 

7: 

0 

W 

8-1 

m 

CO 


GQ 

m 

t- 

70 

68 

27 

22 

26 

6 

8 

6 

48 

43 

42 

32 

40 

16 

20 

17 

25 

32 

36 

43 

37 

31 

32 

31 

10 

14 

36 

37 

37 

49 

53 

49 

4 

10 

43 

29 

40 

47 

67 

50 

0 

3 

25 

15 

22 

71 

85 

75 


lowest levels at which the observer first 
noted cyanosis varied by 5% saturation 
or less, and in 13 of the other 24 instances 
the variation was 10 % saturation or more. 
The highest and lowest levels at which 
definite cyanosis was first noted could not 
be determined accurately in all of the 
experiments. However, 20 observers (see 
Table 2) did not detect definite cyanosis 
until the oximeter readings fell below 75% 
saturation. On the other hand, 11 ob- 
servers noted (in “consistent series”) 
definite cyanosis at saturations abo\'e 90 %. 
The validity of the observations at the 
higher levels may be questioned since none 
of the sudden "switchbacks” to 100% O 2 
occurred when the saturations were above 
90%; hence these observations Avere not 
so rigidly controlled as those in the 70 
to 90% range, in which the ability to 


* A “series” is defined as the observations during a consecutive sequence of high oxygen, low oxygon 
and high oxygen inhalation. “Consistency” of an observer for a series was judged by the following 
criteria: (a) the observer must have noted "normal color” throughout the period that the subject 
was breathing room air or 100% 0:; (6) if the obsen'cr recorded slight or definite cyanosis at some time 
after the subject inhaled a low oxygen mixture and the o.vimetcr reading started to fall, he must have 
consistently recorded cyanosis until the subject breathed a mixture richer in oxygen and the oximeter 
readings rose; and (c) the obsen-er must have noted later in the same experiment an abrupt change 
from "cyanosis" to “normal color” within 1 minute after the subject suddenly breathed 100% Oi 
(following 12, 10, or R% oxygen) and the oximeter readings rose to 95% or more. 
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note a sudden cliangc from cyanosis to 
normal color aided in determining the 
“consistency” of each series. 

There were also marked variations in the 
ability of different observers to detect 
cyanosis in any one stibject. One observer 
noted definite cyanosis at a level of 94% 
saturation while a second physician, ob- 
ser\dng the same subject simultaneously, 
could not detect definite cyanosis until 
the oximeter fell to 71 %, a difference of 
23 %. Differences of this type were noted 
in observations made upon each of the 
20 subjects; these ranged from 3 to 23% 
(median 12 %). 

Though all the subjects were white 
males, cyanosis was not detected at the 
same level in all. It is impossible to state 
the average level at which cyanosis was 
obseiA’ed in the different subjects, since 
some observers did not detect cyanosis at 
the lowest level of o.xygen saturation 
reached in each series. It was evident 
though that the majority of observers 
could detect cyanosis at a level of 85% 
saturation or more in some subjects, but 
not until a level of 75 % saturation or less 
in others. More quantitative information 
is available from an analysis of the num- 
ber of “consistent series” noted in each 
subject. Upon 1 subject, no consistent 
observations were made by 7 observers 
(2 series each); in another, 11 “consistent 
series” were recorded by 7 observers out 
of a total of 14 series. In 4 subjects, 25% 
or less of the series were consistent; in 3, 
more than 50% of the series were "con- 
sistent.” Our data indicate that few 
physicians make consistent obserx’ations 
on every trial. Of those obsen-ers who 
participated in only 2 series, 23% were 
consistent in both, of those in 3 series, 
20% were consistent in all 3, in 4, only 
13% were consistent throughout, while 
of those who had 5 trials, no observer was 
consistent in all. 

The value of the notation "slightly 
cyanotic” is questionable for the folloxving 
reason; 55% of 255 series of obserx-ations 
by medical students and 53% of 89 series 
by physicians were “inconsistent.” The 
most frequent inconsistency was in cri- 


terion “a” (see page 3); when the sub- 
jects were breathing room air or 100 % Oj, 
observers noted slight (usually) or defi- 
nite ci'anosis in 44% of the series. 

Repeated practice by 1 individual in ob- 
serving cyanosis over a period of 1 month 
did not enable her to detect definite cyan- 
osis at higher levels of o.xygen saturation 
or to become more consistent in her 
observations. Furthermore, those observ- 
ers who participated in many trials were 
not significantly more consistent than 
those who participated in only 2 , and the 
physicians as a group were no more con- 
sistent or able observers than were the 
inexperienced students. 

There was no correlation in these e.x- 
periments between the subject’s total 
hemoglobin and the ability of observers 
to detect cyanosis early or consistently. 
However, no anemic or polycidhemic 
subjects were included in this study (all 
the hemoglobins were above 13.5 and 
below 16,0 gm. per 100 cc.). 

Discussion. Lundsgaard and Van Slyke® 
defined cyanosis as the blueness of the 
sldn, mucous membranes or organs caused 
by changes in capillary blood (usually the 
presence of unusual amounts of reduced 
hemoglobin). In their opinion the most 
important factors which modify the per- 
ception of cyanosis are; (a) the thickness, 
color and opacity of the skin or membrane 
overlying the capillaries, (b) the number 
and length of blood filled capillaries in a 
given surface area, and the state of dila- 
tation or constriction of the arterioles, 
capillaries or venules under observation, 
(c) variations in plasma color caused by 
dyes or drugs, and (d) variations in the 
type, color and amount of hemoglobin 
(presence of methemoglobin, sulfhemo- 
globin or carboxyhemoglobin). 

The factors mentioned by Lundsgaard 
and Van Slj'ke are concerned with varia- 
bles in the patient. We believe that an 
equally important variable is the wide 
range in the abilities of observers to 
detect cyanosis in any one patient. On the 
basis of our experiments, we can infer 
that ^•ery few physicians are capable of 
detecting slight degrees of arterial anox- 
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emia by tbe perception of surface blueness. 
It is probable that an extremely small 
percentage of physicians could be ex- 
pected to diagnose earlj^ cyanosis in every 
case. In the majority of cases, arterial 
anoxemia is probably unrecognized until 
the saturation of hemoglobin with oxygen 
has fallen below 85%; in some it is un- 
recognized even at the 70 to 75% level. 

It may be argued by those physicians 
who consider themselves highlj'- skilled in 
the detection of cyanosis that most of our 
observers w'^ere relatively inexperienced 
medical students. It should be empha- 
sized that the students had a preliminary 
trial in order to acquaint them with the 
color to be expected at each level of 
oxygen saturation in the particular sub- 
ject under observation. Actually the 
students were only slightly less consistent 
in their estimations than was the physician 
group, which included physician anesthes- 
iologists, and cardiologists who had wide 
experience in the detection of cyanosis. 
Furthermore the median observers noted 
definite cyanosis at the same level in both 
groups. In addition, conditions were par- 
ticularly favorable for the recognition and 
recording of cyanosis at high levels of 
arterial oxygen saturation; the presence 
of good lighting, the opportunity to ob- 
serve normakcontrol color in each subject, 
the use of all jmung white male subjects, 
the awareness that a color change was 
imminent, and the use of a continuous 
method of measuring o.xygen saturation, 
so that better correlation was obtained. 

Another possible criticism of these ex- 
periments is that oximeter readings rvere 
employed instead of actual figures obtain- 
ed by direct analysis of arterial blood. 
The oximeter has an average error of 3%; 
in the saturation range 75 to 100%, the 
limit of error is 5% and in the range 50 
to 75% it is 8%. However, this error is 
not a systematically high or low one and 


should cancel out in a large series of ob- 
servations. The oximeter has the advan- 
tage of continuous recording so that the 
saturation of arterial blood can be known 
at the instant that cyanosis is recorded; 
this favors the recording of cyanosis at 
higher levels of arterial saturation. 

It should be emphasized that not onlj' 
is cyanosis frequentlj’^ an unreliable guide 
to slight to moderate arterial anoxemia, 
but also other commonly used signs, such 
as rapid pulse and hyperpnea are not trust- 
worthy. Dripps and Comroe studied the 
effects of breathing lo%v oxygen mixtures 
for 8 minutes upon the circulation and 
respiration of normal subjects. They 
found that the inhalation of 18% O 2 led 
to an average increase in pulse rate of 
only 4%, 16% O 2 to 8% increase, 14% O 2 
to 6% increase, 12% Oo to 10% increase 
and 10% O 2 to 30% increase. These low 
oxygen mixtures corresponded to average 
arterial o.xygen saturations of 94, 91, 89, 
81 and 73% respectively. In the same 
experiments'* respiration was not increased 
measurably by arterial anoxemia until 
10% O 2 was inhaled. At this point, respi- 
ratory minute volume increased only 16% 
(average arterial saturation 73%). Al- 
though data obtained from such brief 
exposures to low oxygen concentrations do 
not necessarily apply to clinical anoxemia, 
they suggest that slight ano.xemia pro- 
duces effects upon circulation and respira- 
tion wdiich could escape even careful clini- 
cal observations. In some individuals the 
respiratory and circulatory responses arc 
absent or poor even with moderate degrees 
of anoxemia. 

Although other signs (mental confusion, 
delirium) have been suggested as indica- 
tions for o.xygen therapy, they do not 
represent early changes. In our experi- 
ence, the extent of arterial ano.xemia can 
be determined accurately in patients only 
by direct analyses of arterial blood.* 


* The oximeter at present c.mnot be employed to indicate tlie level of arterial oxygen saturation 
in cyanotic indhnduals since the instrument must be “set” for each individual at a known value. In 
an individual known to be normal, the oximeter is “set" at 95 to 9S% if tlie individual is breathing 
room air or at 100% if breathing o.xygen. In a cy.anotic patient, an arterial puncture can be performed, 
a determination of oxygon saturation can be done quickly by the method of theVanSlyke and Neill.* 
and the oximeter can then bo “set” to this figure. An evaluation of therapy can then be made easily 
by noting oximeter changes in response to the employment of oxygen by oropharj-ngcal catheter, tent, 
mask or by pressure breathing. 
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Furthermore, our data indicate that this 
is the only way in which slight to moderate 
degree of anoxemia can be detected. 

In present practice of medicine, every 
effort is being made to place therapy upon 
a scientific basis. It is often essential to 
know blood sulfonamide, penicillin and 
salicylate levels in order properly to evalu- 
ate therapy. Yet in the evaluation of 
arterial anoxemia, the clinician still uses 
a relatively insensitive and unreliable 
guide, namely cyanosis. The methods for 
determining arterial oxygen concentration 
are well established. Arterial puncture is 
neither dangerous nor painful if done care- 
fully. It is suggested that oxygen ther- 
apy be put upon a more quantitative 
basis by measuring arterial saturation in 
patients suspected of being anoxemic and 
by emplojdng doses or concentrations of 
oxygen sufficient to increase arterial satu- 
ration to normal levels. More frequent 
measurements of arterial oxygen satura- 
tion by direct means (in patients suspected 
of being anoxemic) should result in the 
elimination of much unnecessary oxygen 
therapy. It vdll also result frequently 
in the correction of concentrations of 
oxygen being given to those in need of 
oxygen. 

Oxygen therapy is of value in many 
cases of anoxemia. The patient who is 
chronically anoxemic usually develops 
certain compensatory changes which per- 
mit a relatively normal existence at rest 
vdthout the need for oxygen administra- 
tion. However, the recovery of an acutely 
anoxemic patient (who often has fever 
and accelerated metabolism) can be hast- 
ened by maintaining normal amounts of 
oxygen in the blood. It is doubtful if 


oxygen therapy per sc cures disease proc- 
esses. However, it is of great value as 
supportive therapy in anoxemia and there 
it should be used more quantitatively. 
When oxygen is given in high concentra- 
tions in the treatment of conditions un- 
associated vith anoxemia® (c. g., in coro- 
nary occlusion, etc.), determinations of 
arterial oxygen saturation are unnecessary 
since the arterial blood is almost com- 
pletely saturated before oxygen inhalation 
is begun. 

Summary and Conclusions. 1. The 
ability of observers to detect cyanosis was 
evaluated by comparing their color esti- 
mations with knonm arterial oxygen satu- 
rations (oximeter). 

2. The majority of 127 observers were 
unable to detect the presence of definite 
cyanosis until the arterial oxygen satura- 
tion fell to approximately 80%; 25% of 
observers did not note definite cyanosis 
even at arterial saturation levels of 71 to 
75%. 

3. There were marked variations in the 
ability of an observer to note cyanosis in 
different subjects or even in the same sub- 
ject at different times. There were vide 
variations in color estimations when 5 to 
10 observers watched cyanosis develop in 
the same subject at the same time. 

4. The detection of cyanosis is depen- 
dent not only upon variable factors in the 
patient but also upon the ability of indi- 
vidual observers to note color changes. 

5. Visual impressions of cyanosis are 
unreliable. Serious grades of arterial 
anoxemia may be unrecognized by many 
physicians unless arterial blood is obtained 
and analyzed for oxygen content and 
capacity. 
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Phlebography, by providing Roentgen 
visualization of the veins, offers a method 
unequalled by other techniques for de- 
fining and localizing lesions of the veins 
and determining the distribution of the 
collateral circulation. This method has 
been used mainly in com^ction with 
thrombosis of the veins of the lower e.x- 
treraity. Its importance in similar lesions 
of the veins of the superior vena caval 
system has not been emphasized. Some 
reports on diseases of tlie superior vena 
cava^ and of the subclavian and axillary 
veins'^’® have included phlebographic stud- 
ies. Tliere lias been no report which 
offers a full appraisal of the value and 
limitations of phlebography in cases of 
obstruction of the superior vena cava and 
its main tributaries. It is our purpose, 
therefore, to present cases which are illus- 
trative of our experience in lesions of this 
type, and which provide adequate testi- 
mony to the value of phlebography as a 
•means for precise diagnosis. 

Technique. The technique of phlebog- 
raphy in the superior vena caA'^al system is 
quite simple. The sites usually employed 
for injection of the contrast medium are the 
external jugular vein and the median ba- 
silic vein. For lesions of the superior A’-ena 
cava or innominate vein, the external jugular 
is preferred, although when this vein is not 
accessible, the A'^eins of the antecubital fossa 
may be used. In lesions of the subclaAian, 
axillary, or brachial A’^eins, the median basilic 
is selected. Use of other A'eins in the ante- 


cubital fossa, particularly the cephalic, may 
lead to errors in interpretation when the 
obstruction occurs soleb”^ in the axillary oi' 
brachial veins. This is made obAUous by 
reference to Figure 8. The cephalic vein 
enters the axillarj'’ vein at a point close to 
the subclaAuan, so that obstruction in the 
axillary or brachial vein will not bcAusualized. 

The materials we haA^e used for phlebog- 
raph}'- are Thorotrast, 35% Diodrast and 
70% Diodrast. Some objection has been 
rai,sed to Thorotrast because it i.s radioactiA'e 
and remains in the cells of the reticulo- 
endothelial s 5 Lstem for a long time. We liaA'e 
neA'^er observed any disagi-eeable efi’ect from 
the use of the small amounts of Thoroti’ast 
necessary for phlebography. Diodrast is 
equally useful, howeA'^er, is rapidly excreted 
by the kidney and does not carry the threat 
of radioactiAuty. Diodrast (35 '-f) proA'ide.s 
about the same density in jihlebogi’ams as 
Thorotrast, while 70% Diodrast gives gi-ea ter 
contrast and is therefore preferable for visu- 
alization of the innominate A^ein or superior 
A'’ena caA'a. To obtain a phlebogram of the 
superioi- A^ena caA'^a or its tributaries, the 
patient is placed on the cassette in the supine 
position. Regardless of the site of the injec- 
tion of the contrast medium, the A'enipunc- 
ture is made in the usual AA-a}' Avith a needle 
of 15 to IS gauge. The injection is made 
uninterruptedlj-^ and as rapidly as possible. 
I^Ten it is intended to Au'sualize the innomi- 
nate A^ein or superior A’ena caA-a, 30 cc. of 
the contrast medium is used, and the injec- 
tion must be rapid. In all other instances, 
15 cc. suffices, and speed of injection is less 
important. The Roentgen raA* film is e.x- 
posed at the moment that the injection is 


♦Read before the Southern Society for Clinical InA’Cstignfion, New Orleans, La., January 2.5, 19J7. 
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completed. Tlie (JlI•^^el di.stancc is .'1(5 iiiclie.s, 
and the technique is tlio .«ainc as for a chest 
fihnj^with the exception that tiie time of 
exijosurc is douI)led. 

In the sui)erior vena caval sy.stem, the 
only major vein which is not accessible to 
phlebography is the internal jugidar. The 
procedure has relatively little n.se for investi- 
gation of the veins of the forearm. 


tho.se without a demonstrable mediastinal 
mass, the cause remains obscure. 

Wiien tlie superior vena cava is ob- 
structed, the location and extent of the 
collateral circulation depend upon the site, 
duration and completeness of the obstruc- 
tion. With occlusion of the superior vena 
cava above the point of entrance of the 



Fig. 1. — The collateral circulation in cases of superior vena caval obstruction. (After Blasinghame.) 


Obstruction of the Superior Vena 
Cava. Obstruction of the superior vena 
cava may be complete or incomplete. The 
etiology is the same in both instances. 
In our e.xperience'* the main causes have 
been, in order of frequency, aortic aneu- 
rysm, bronchogenic carcinoma, and medi- 
astinal lymphoma. Less frequent causes 
are metastatic carcinoma of the medias- 
tinal lymph nodes, thrombosis of the 
superior vena cava and mediastinitis. In 
a small percentage of cases, especially 


azj'gos vein, this vein and its tributaries 
are the main collateral channels and 
therefore the visible collateral circulation 
is not extensive. A few dilated veins may 
be seen in the neck, shoulder regions and 
upper part of the chest. In contrast, 
when the obstruction is below the azygos 
vein, an extensive collateral circulation is 
visible on the chest and abdomen, repre- 
senting the routes thereby blood from the 
superior vena caval system is transported 
to the inferior vena cava for return to 
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the heart (Fig. 1). The longer the dura- 
tion and the more complete the degree of 
obstruction, the more extensive the col- 
lateral circulation will be. 

The use of phlebography in the diag- 
nosis of complete obstruction of the 
superior vena cava is exemplified in the 
following case. 

Case Reports. Case 1. R.'B. (B50005) 
was a 60 year old Negro who had a malignant 
lymphoma of the superior mediastinum. He 
had dyspnea, slight facial edema, dilated 
veins of the chest and neck, and generalized 
lymphadenopath 5 \ The venous pressure 
was 480 mm. of saline solution in the right 
arm, 450 nam. in the left arm, and rose to 
about 600 mm. in each arm with the “exer- 
cise test,” which consists of having the 
patient forcefully open and clench the fist 
for 1 minute while the venous pressure is 
being measured.® The femoral venous pres- 
sure was 120 mm. A phlebogram made by 
injecting Diodrast into the right antecubital 
vein, clearly demonstrates the point of ob- 
struction in the superior vena cava and the 
extent of the collateral circulation (Fig. 2, 
A and B). 

Ordinarily the results of phlebography 
are more satisfactory in this type of case 
when the injection is made into the 
external jugular vein. When the median 
basilic vein is used, the superior vena cava 
often is not visualized, and the phlebo- 
gram may show only the collateral circu- 
lation (Fig. 3). 

An example of incomplete obstruction 
of the superior vena cava is shown in 
Figure 4, A and B. These represent the 
phlebogram of a patient with an aneurysm 
of the ascending limb of the aorta. 

Obstruction of the Innomin.\te Vphn. 
Tlie etiology of innominate vein obstruc- 
tion is essentially the same as for obstruc- 
tion of the superior vena cava and may 
also be complete or incomplete. In the 
innominate vein thrombosis is probably 
more frequent than in the superior A'ena 
cava. This is explicable by the fact that 
thrombi in tlie subcla-vdan vein may ex- 
tend into the innominate but rarely go 
farther. The left innominate vein is more 
often obstructed by aneurysm of the aorta 


than the right, mainly because of the 
intimate relationship which the left in- 
nominate bears to the aortic arch.^ 

When an innominate vein is obstructed, 
the blood is returned to the heart from 
the obstructed side principally by wa^-^ of 
the other innominate. The route follows 
collateral veins which traverse the mid- 
line and include all of the tributaries of 
the innominate, jugular and subclavian 
veins (Fig. 1). Judging from our experi- 
ence with phlebograins, however, the sub- 
clavian and internal jugular veins are 
usually quite dilated, and their tributar- 
ies, especiall^'^ those of the internal jugular, 
are a prominent part of the collateral 
circulation. 

Figure 5, yl and B, and Figure 6, A and 
B, represent the phlebograms in a case of 
complete obstruction of the right innomi- 
nate vein 'and partial obstruction of the 
superior vena cava. 

Case 2. This patient (C13989) was a 
64 year old colored male, who was first 
admitted to the hospital in 1939 with the 
picture of acute superior vena caval obstruc- 
tion. No cause for the obstruction was 
found, and there was no demonstrable medi- 
astinal tumor. A phlebogi-am was made bj-^ 
injecting Thorotrast simultaneous^' into the 
A'eins of both arms. This showed dilatation 
of both axillary veins but the remainder of 
the superior vena caval system was not 
A'isualized. The venous pressure in the arms 
was 500 mm. of saline solution with a rise to 
590 mm. with the “exercise test.” The 
femoral venous pressure was 70 mm. After 
2 months of hospitalization, the patient was 
improved, and at the time of discharge the 
A'enous pressure was 330 mm. 

This patient returned to the hospital 
6 3 '’ears later vith s.ymptoms of prostatism 
Avhich later was found to be due to carcinoma 
of the prostate and was treated bj' trans- 
urethral resection. At this time he still 
appeared to haA'e eAudence of obstniction 
of the superior A’ena cava, in the form of a 
prominent netAvork of A'eins in the neck and 
oA'er the chest and abdomen. Venous pres- 
sure measurements Avere as folloAA-s: right 
arm 273 nmi., left arm 232 mm., femoral 
50 mm. These findings in themseh-es merely 
indicated that there was obstruction in the 
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Fig. 2.— Phlebogram U) and drawing (5) of a patient with complete obstruction of the superior 
vena cava due to mediastinal tumor. The point of obstruction and the extensive collateral circulation 
are shown. 

( 10 ) 
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superior vena caval system, but were of little 
value in localizing it. There was obviously 
more obstruction in the right side than on 
the left. Precise localization was obtained 
by means of phlebography. Figure 5 shows 
the phlebogram of the right side, made by 
injecting 30 cc. of 70% Diodrast into the 
right external Jugular vein. The right in- 
nominate vein is not filled beyond its first 
part. The subclavian and internal jugular 
veins and their tributaries are greatly dilated 


nate vein and partial obstruction of the 
superior vena cava, presumably due to 
long-standing thrombosis. The studies, 
including those of the first period of lios- 
pitalization, would seem to indicate that 
the process started in the superior \'ena 
cava and extended into the r'ght innomi- 
nate vein. The adjustment made by the 
patient to the venous obstruction has been 
excellent. 



Fig. 3. — Phlebogram of a case of complete obstruction of the superior vena cava. The extensive 
collateral circulation is seen but the superior vena cava and its immediate tributaries are not visualized. 


and have been filled by reflux of the contrast 
medium. Numerous collaterals cross the 
midline from the internal jugular to enter 
the left innominate vein. At the point where 
this vein enters it, the superior vena cava 
is somewhat narrowed. Figure 6, A and B, 
shows a similar study made on the left side. 
The left internal mammary, pericardiac and 
azygos veins are clearly a part of the col- 
lateral circulation. 

In summary, therefore, this patient had 
complete obstruction of the right innomi- 


An example of complete obstruction of 
the left innominate vein is shown in 
Figure 7, A and B, the phlebogram of 
Case 3. 

Ca.se 3. A 68 year old white male had 
obstruction of the left innominate vein due 
to metastatic carcinoma. The veins in the 
left pectoral region, left side of the neck and 
at the left shoulder were prominent. The 
left arm was slightly swollen. The venous 
pressure in this arm was 200 mm. of .‘^aline 
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B 

Fig. 4.— Phlebogram (A) and drawing (B) showing an incomplete obstruction of the superior vena cava 

due to an aneurysm of the aorta. 
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Fio. 5. — Phlobograni (A) and drawing {B) showing complete obstruction of the right innominate 
vejp with filling of the left innominate and superior vena ca-va by way of collateral channels, 
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solution and rose to 280 mm. with the 
“exercise test.” The venous pressure in the 
right arm was 130 mm. and did not change 
with the “exercise test.” The phlebogram 
shows that the greater portions of the sub- 
clavian and innominate veins are occluded. 
The terminal portion of tiie left innominate 
vein is visualized at the point of junction 
with the right innominate and is greatly 
narrowed. The right internal jugular and 
innominate veins have been filled from the 
numeious collaterals which cross from the 


congestive heart failure, trauma or effort, 
and constriction by scar tissue.® Incom- 
plete obstruction of the axillary vein is a 
frequent sequel of radical mastectomy 
and has been shown to be due to angula- 
tion of the vein at the axilla.'® 

The de\'elopment of collateral circula- 
tion depends upon the site of obstruction. 
When the first part of the axillary vein 
alone is occluded, the cephalic vein is the 
main collateral vessel. When the entire 



Fig. G a. (legend on next page) 


obstructed side. Autops}" examination in 
this case demonstrated metastatic carci- 
noma in the superior mediastinum. The 
left innominate and subclavian veins were 
obstructed due to invasion by the carcinoma. 
The primary site of the carcinoma was not 
discovered. 

Obstruction of the Subcla-stan and 
Axillary Veins. In contrast to the 
rarity of thrombosis as a factor in the 
obstruction of the innominate vein or 
superior Amna cava, subclaxdan and axil- 
lary vein obstruction is commonly due to 
thrombosis and in the case of the sub- 
clavian, is usually complete. The causes 
for thrombosis in this location are, in the 
order of frequency, metastatic carcinoma. 


axillary vein is obstructed, collaterals de- 
velop from minor branches of the basilic, 
brachial and cephalic veins to communi- 
cate with small veins of the neck and 
thorax, including the external jugular, long 
thoracic, costo-axillary, subscapular and 
intercostal imins. These veins return the 
blood to the heart by way of the subclav- 
ian, internal jugular and innominate veins. 
There is little communication with veins 
of the opposite side. In cases in which 
the subclavian vein alone is obstructed, 
the major collaterals develop from the 
tributaries of the axillary. In addition, 
tributaries of the basilic and brachial con- 
tribute. The collateral channels circum- 
vent the obstruction and carry blood to 
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the jugular and innominate veins of the Case 4. The patient was a young white 
same side. When the axillary and sub- woman who fell backward and, in atteinpt- 
clavian veins both are obstructed, the ing to break the fall, caught her weight on 
collateral circulation is essentially • the her outstretched right hand. By the next 
same as when the axillary vein alone is das'-, she noticed weakness and fullness of 
involved. The collateral network is more the right upper extremity. The arm was 



• Fig. 0 B 

Fig. G. — Phlebognini (A) and drawing (R) visualizing tlie left innominate vein and its tributarie> 
from the same case as in Figure 5. The superior vena cava is narrowed in its first part. In the draw- 
ing the vein labelled right innominate is the left innominate. 


extensive, however, and the tributaries of 
the subclavian vein participate in the 
venous anastomosis. 

An example of subcla\'ian \'ein throm- 
bosis due to trauma is shown in Figure S, 
A and jB, and Figure 9, A and B. 


sliglitly swollen and cyanotic, and the veins 
were distended. Tlie venous pressure in the 
right arm was 310 mm. and rose to 410 mm. 
with the “e.xercise test.” The venous pres- 
sure in the left arm was 135 mm. At this 
time a phlebogram (Fig. S, .4 and B) showed 
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dilatation of the brachial and axillary -veins of the axillary, brachial, basilic and cephalic 
and filling of the cephahc vein which may veins in the collateral circulation. At this 
have been retrograde or by way of collaterals time the patient was symptom-free, an 
in the arm. Figure 9, A and B, is from a extensive network of veins was seen at the 
phlebogram made 6 months later. It dem- pectoral region and shoulder, and the venous 
onstrates a marked increase in the num- pressure was within normal limits but rose 
ber of vessels with participation of branches about 100 mm. with the “exercise test.” 



B 

Fig. S. — Phlebogram (.4) and drawing (B) in a case of subclavian vein thrombosis due to trauma. The 
importance of the cephalic vein as a collateral channel is ob\ious. 
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Figure 10 represents a series of phlebo- 
grams showing the mechanism bj' which 
partial obstruction of the axillary vein 
may result following radical mastectomy. 
After this operation the angle at which 
the axillary vein enters the thorax when 
the patient’s arm is in adduction may lie 
so acute that the vein is obstructed. The 
obstruction is relieved when the arm is 
abducted. 


that otherwise could be obtained only by 
dissection. For example, there is no other 
means ito differentiate clinically obstruc- 
tion of both innominate veins from occlu- 
sion of the superior vena cava, or axillary 
vein thrombosis from obstruction of the 
subclavian. There is no more accurate 
method for study of the development and 
extent of the collateral venous circulation. 

One of the features which adds to the 



Fig. 10. — Phlebogram showing tlie mechanism of venous obstruction following radical mastectomy. 
A, Phlebogram showing normal axillary vein with arm abducted. B, Phlebogram of same patient with 
arm adducted. C, Phlebogram of axillarj^ vein in a patient who developed edema of the arm only when 
the arm is dependent. Note that with the arm abducted the vein is not occluded. D, Phlebogram 
of the same patient with the arm adducted. Note complete occlusion of axillarj’ vein (arrow) and 
backflow of opaque medium into tributaries. 


Discussion.— The results in the cases se- 
lected for presentation in this paper are 
typical of what may be expected in phlebo- 
graphic study of obstructive lesions of the 
veins of the superior vena caval system. 
Phlebography protndes anatomic details 


attractiveness of phlebography of this 
type is its simplicity. No special appara- 
tus is necessary, and the teclinique requires 
only the skill ordinarily employed in a 
venipuncture. 

Phlebography with Diodrast is almost 
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entirely safe. Most patients experience a 
feeling of warmth in the face, extremities 
and rectum, while flushing of the face is 
also noted. These symptoms are mild 
and quite transitory, and require no treat- 
ment. Occasionally, there is brief nausea 
and vomiting. Less frequent toxic ef- 
fects include pain along the course of the 
vein injected, urticaria, pruritus and a 
sense of constriction in the throat. 

When urticaria and pruritus are espe- 
cially disagreeable epinephrin gives prompt 
relief. Although we have never seen a 
serious reaction to Diodrast, there have 
been reported instances of severe hyper- 
sensiti\dty resembling anaphylactic shock.® 
It is advised that tests for hypersensitivity 
to the drug be performed before it is 
used.'’® This is not the place to debate 
whether or not Thorotrast is a safe drug 
for injection. We have used it many 
times for phlebograms and arteriograms 
before Diodrast was readily available, and 
have never seen a serious reaction, either 
immediate or remote, from its use for 
these studies. When either Diodrast or 
Thorotrast is accidentally injected outside 
a vein, local swelling and discomfort en- 
sue. These effects are usually mild and 
temporary. Thorotrast remains indefi- 
nitely in the soft tissues, however, and 
causes a local fibroblastic reaction. We 
have never observed a case of phlebitis 
after the intravenous administration of 
either drug, although this complication 
has been recorded." 

The interpretation of phlebograms of 
the superior vena cava and its tributaries 
merely requires a superficial knowledge of 
anatomy. There is nothing like the diffi- 
culty encountered in attempts to interpret 


phlebograms of the deep veins of the leg 
in which anatomic variation is frequent 
and ideal visualization is difficult to obtain. 
An error of interpretation may occur in 
phlebography of the superior vena caval 
system when the Roentgen ray film is 
exposed too soon. This will give a film 
which shows abrupt termination of the 
dye-filled veins, simulating obstruction 
(F g. 11, yf and B). When there is doubt 
on this score, the phlebogram should Ije 
repeated, using a larger amount of the 
contrast medium, so that the exposure of 
the film can be made after a longer inter- 
val of time from the start of the injection. 

It is desirable to have venous pressure 
measurements made in conjunction with 
a phlebographic study. When there is 
obstruction in the veins of the superior 
vena caval system, the venous pressure 
usually is abnormally high and rises higher 
Avith the " exercise test.” It is often found 
that with the development of a collateral 
circulation, the venous pressure becomes 
lower and may even become normal, al- 
though the response to the “exereise test” 
persists. This indicates functional im- 
provement of the venous circulation, a 
fact which is not apparent from the phlebo- 
graphic study alone. 

Summary and Conclusions.— Phlebog- 
raphy is a simple, safe, practical method 
for studying obstructive lesions of the 
superior vena caval system. This tech- 
nique, in association with comparati\e 
measurements of the venous pressure, 
affords unequalled precision for localiza- 
tion of a venous obstruction and for deter- 
mination of the extent and efficiency of 
the venous collateral circulation. 
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In 1940 Ljundberg® described a, pattern 
of electrocardiographic changes occurring 
in a group of 90 psychotic patients. These 
alterations included prolongation of the 
P-R interval, disturbances of rhythm, 
notching of P waves, widening of QRS 
complexes, and depression of S-T seg- 
ments. Meyer and Billman,^® however, in 
an analysis of the electrocardiograms of 
100 patients with anxiety states and de- 
pressions, failed to corroborate these find- 
irlgs. Our o^vn experience during the rou- 
tine study of tracings on patients suffering 
from mental disease revealed what seemed 
to be an increased incidence of deviations 
from the normal. Accordingly, tlie elec- 
trocardiograms from a group of 200 con- 
secutive psychiatric patients were selected 
for analysis, and compared with the trac- 
ings of 200 indi\dduals without mental 
disease, wlio were free of cardiac abnor- 
malities. 

Material and Method of Study. Tlie limb 
leads, plus lead CF4, were taken on all of 
the ps 3 ^chiatric patients and normal sub- 
jects. In most of the patients lead CFo was 
also obtained. All i-ecordings Avere made in 
the supine posture. All of the patients with 
mental disease and all of the subjects in the 
non-ps.Ychiatric gi’oup had had a physical 
examination and were free of objectiA^e eAU- 
dence of heart disease. The obserA^ations 
were made in a county hospital and in an 
armj’- general hospital. The 200 ps 3 'chiatric 
patients AA^ere being routineb^ studied to de- 
termine their ph 3 ’^sical fitness to undergo 
electric shock therap3’-; 194 AA'ere suffering 
from ps 3 'chosis, including schizophrenia, 
manic-depressiA^e psA'chosis, and dementia 


priecox; 4 aati'c diagnosed as ps 3 Thoneiirosis 
AA'ith reactiAT depression, and 2 as haA-ing 
the constitutional ps 3 "chopathic state. In 
the mentally ill group there were 182 men 
and 18 AA’^omen. The age incidence of this 
group ranged from 18 to 64 years, Avith the 
majority falling in the 3rd and 4th decades. 
The age incidence of the non-p.s 3 Thiatric 
group A^aried from 17 to 60 years, with the 
greatest number of subjects also occurring in 
the 3rd and 4th decades. There Avere 158 
men and 42 women in the control group. 

Results. The results are summarized 
in the table giA'^en on page 24. 

Discussion. Forty-tliree p.sychiatric pa- 
tients (21.5%) rcA’^ealed 1 or more of the 
folloAA'ing aberrations of the electrocardio- 
gram: (1) a P-R interA'^al aboA’^e 0.20 sec- 
ond; (2) a decrease in the amplitude of R4 
or R5 to less than 1.5 mm.; (3) T \A-aA'es 
of loAv amplitude (less than 0.5 mm.), or 
diphasic T waves, in lead I; (4) inverted 
or diphasic T4 or To; (5) the Wolff’-Parkin- 
son-White S3'ndrome; (6) paro.xA'smai au- 
ricular tach 3 Tardia; (7) auricular flutter. 
In contrast, onl 3 ' 0 (3 %) of the non- 
psA'chiatric patients shoAA-ed 1 or more of 
these findings. Thus, the occurrence of 
these alterations Avas found over 7 time.s 
more frequentlA' in tlie psA-chiatric group 
than in the non-ps 3 ’chiatric group. 

As seen in Table 1, there AA-as increased 
incidence (3 %) of prolongation of the P-R 
interALol in the psA'chiatric patients, as 
compared A\-ith the normal subjecl.s. This 
3% incidence is also almost double that 
found in a group of 1000 healtliA- aA'iators,^ 
where onl 3 ' 1.6% of the subjects revealed 
such prolongations. 
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The less frequent incidence of short 
P-R intervals (less than 0.14 second) in 
the psychiatric group is noteworthy; fur- 
thermore, this frequency of such short 
P-R intervals in the patients with mental 
disease is much less than in the previously 
cited series of healthy aviators, in whom 
Graybiel ci al.'^ found an incidence of 
17.2 % of P-R intervals below 0.14 second. 
The combination of an increased number 
of long P-R intervals, and a decreased 
number of short P-R intervals in the 
psychiatric patients suggests a vagotonic 
state. The influence of vagal overactivity 
(produced by mecholyl and prostigmin) 
in causing prolongation of auriculoven- 
tricular conduction time is well recognized.^ 
Moreover, Logue, Hanson and Knight^ 
found that in a group of 150 patients with 
neurocir dilatory asthenia, 7 (4.6%) re- 
vealed a prolongation of the P-R interval 
above normal limits. 


pathetic activity may produce inversion 
of the T waves in precordial leads and in 
in leads 11 and III, as well as lowered 
voltage in lead I. Recently Robb*’ has 
shown that direct electrical stimulation 
of the cardiac sjunpathetic nerves may 
produce lowering and inversion of the 
T waves in dogs. That cholinergic stimuli 
may also produce abnormalities of T waves 
is suggested by the finding that inversion 
of T waves in precordial leads may be 
produced by the administration of a sj’m- 
patholytic drug (ergotamine) to emotion- 
ally unstable persons without organic heart 
disease.*® 

Mainzer and Krause'^ have shown that 
fear may produce inversion of the T waves 
in patients about to undergo surgical 
operations. Loftus, Gold and Diethelm® 
have reported the case of a psychiatric 
patient in whom periods of intense anxiety 
were accompanied by marked lowering of 


Table 1.— Elbctbocardiographic Findings in 200 Psychiatric Patients and 
AND 200 Normal Subjects 


No. cases in 
non-psychiattio 
eroup 


P-R less than 0.14 second* 20 

P-R. greater than 0.20 second 1 

R4 or 5 less than 1.5 mm 4 

T1 less than O.S mm.* 0 

T2 less than 0.5 mm.* 2 

T4 or To inverted or diphasic* .... 1 

Wolff-Parkinson-White syndrome .... 0 

Auricular paroxysmal tachycardia .... 0 

Paroxj'smal auricular flutter 0 


No. cases in 
psychiatric 
group 

11 

6t 

10 

11 

9 

16 

4 

1 

1 


* Exclusive of cases with Wolff-Parkinson-White syndrome. 

t The P-R intervals in this group were as follows; 0.26 second (1 patient). 0.24 second (1 patient), 
0.22 second (3 patients) and 0.21 second (1 patient). 


The frequency of T-wave changes in 
the psychiatric group as compared with 
the subjects with normal hearts is of con- 
siderable interest. The literature reveals 
ample evidence that autonomic imbalance 
and emotional disturbances may produce 
•abnormalities of the T waves. It has 
been shown that various types of adren- 
ergic stimuli may produce lowered voltage 
of the T waves. The injection of adrenalin 
into normal subjects has been shown to 
produce decreased amplitude of the T 
waves.® ’ Wendkos,*® and Wendkos and 
Logue-® have shown that increased sym- 


the T waves in leads I and II. Several 
investigators®’**-*®'*®’®® have shown that 
emotional instability and neurocirculatory 
asthenia may produce T-wave changes in 
patients free of organic heart disease. 
Thus, Logue et found low voltage of 
the T waves in lead I, in 22 of a group 
of 150 patients with neurocirculatory as- 
thenia, who were free of organic heart 
disease. The T waves in this latter group 
were also found to show aberrations in lead 
2 in 21 cases. 

The occurrence of a short P-R, wide 
QRS complex in 4 of the mental patients, 
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and the absence of such findings in any 
of the normal group would seem to be 
more than coincidence. The 2% inci- 
dence of this abnormality is 10 times as 
great as its frequency in the series of 
1000 normal subjects reported by Gray- 
biel et al.,^ who found an incidence of only 
0.2% in their series. The patient with 
auricular flutter is of special interest. He 
was found to have 2:1 block, with an 
auricular rate of 360 and a ventricular 
rate of 180. This patient Avas a 60 year 
old white male, who was admitted in a 
state of severe depression with suicidal 
tendencies. Careful physical examina- 
tion failed to reveal evidence of heart dis- 
ease, and the blood pressure was found 
to be normal. The abnormal cardiac 
mechanism subsided ivithout treatment, 
and 2 subsequent electrocardiograms taken 
3 and 12 days after the episode, were vdth- 
in normal limits. 

The exact mechanism of production of 
these alterations of the electrocardiogram 
is obscure. However, in view of the simil- 
arity of these changes to those produced 
by transient emotional disturbances, as 
well as those caused by artificial stimula- 
tion of the sympathetic and parasympa- 
thetic systems, cited above, it would seem 
that both emotional instability and abnor- 
mal autonomic activity Avere operatiA’^e in 
the present series of psychiatric patients. 
These preAuous observations of other in- 
vestigators seem to leave little doubt that 
nervous influences play an important role 
in determining the form of the electro- 
cardiogram. Severe emotional disturb- 
ances Avere unquestionably existent in the 
present group of psychiatric patients. The 
precise portion of the autonomic nerAmus 
system Avhich may have been hyperactive 
at any moment in these patients is ‘diffi- 


cult to determine. HoAvever, the nature 
of the aberrations noted in the present 
study Avould seem to indicate the possi- 
bility that both adrenergic and cholinergic 
stimuli Avere operative in this group of 
mentally diseased patients. 

The. probable emotional basis of the 
changes observed in the psychiatric group 
renders it possible that in some normal 
indiAuduals, simila^r changes might be pro- 
duced by the stress of fright occurring 
during electrocardiographic examinations. 
These findings tend to expand further the 
broadening concepts of “normalcy” neces- 
sary for a proper appraisal of electrocardio- 
graphic changes seen in persons without 
heart disease. Since only 1 tracing AA-as 
taken in most of the present series of 
patients, it could not be determined if the 
aberrations Avere permanent or transient. 
Their apparently benign nature, hoAvever, 
Avould indicate that caution is needed in 
interpreting such findings as abnormal 
Avhen they are encountered in patients 
suffering from mental disease. 

Summary. In a series of 200 patients 
with mental disease a high incidence of 
electroeardiographic aberrations Avas noted 
as compared with 200 normal subjects. 
Definite changes AA^ere noted in 21. .5% of 
the psychiatric patients, as compared AAnth 
a frequency of only 3 % of sucli changes 
in the normal subjects. The similarity of 
many of these changes to those produced 
by emotional stimuli, and by artificial 


means of stimulation of the autonomic 
nerAmus system, is discussed. The need 
for caution in interpreting such findings 
as abnormal, AA’hen they are seen in men- 
tally ill patients, or in normal persons 
Avho are temporarily emotionally disturb- 
ed, is pointed out. 
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Since the original description of ter- 
minal ileitis by Crohn, Ginzberg and 
Oppenheimer® in 1932, other authors have 
shown that this pathologic process is not 
necessarily confined to the terminal ileum. 
Harris, Bell and Brunn^® reported the oc- 
currence of a similar enteritis in the 
jejunum, and Brown, Bargen and Weber® as 
well as Crohn and Rosenak® later noted 
its appearance in the colon. 

Regional enteritis, as it is now com- 
monly designated, has been reported in 
Meckel’s diverticulum,^'^ and the similar- 
ity between regional enteritis and fibro- 
plastic appendicitis has been shown by 
Ravdin and Rhoads.^^ Additional re- 
ports'-^-® indicate that the same patho- 
logic process may involve any segment of 
the bowel from the duodenum® to the 
colon. Erskine’' reported a case of acute 
terminal ileitis with acute appendicitis, 
mesenteric adenitis, salpingitis, and peri- 
tonitis in an 18 day old infant. 

There appears to be no published report 
of the chronic form of this entity in the 
newborn, nor any instance in wliich the 
entire large and small bowel were involved 
in the pathologic process. For these 
reasons, it seems of interest to record the 
following case. 

Case History. B. D. After an uneventful 
and short labor, a full-term, colored, male 
baby was spontaneously delivered on Dec. 8, 
1945. By the 2nd day of life he had vomited 
repeatedly, developed abdominal distention 
and had passed only 1 small meconium 
stool. The vomitus was an odorless yellow- 
Sreen liquid containing mucus. A small 
tube was inserted into the rectum without 
difficulty, and much flatus and a plug of 
meconium were expelled. The distention 


recurred but Avas promptly relieved by a 
small colonic irrigation. A flat plate of the 
abdomen revealed gas in both the small and 
large boAvel but was not abnormal. On 
December 15, the child Avas discharged haA^- 
ing returned almost to its birth weight. 
Distention recurred a Aveek after discharge 
but was again effectively treated AAuth the 
passage of a rectal tube. 

On December 28, the child, then 3 AA^eeks 
of age, was readmitted because of Ammiting, 
diarrhea and abdominal distention of 2 days 
duration. On admission he was thin, mod- 
erately dehydrated, and his abdomen AA^as 
distended. Loops of bowel could be seen and 
palpa.ted through the abdominal AA'all, but 
no masses or organs could be felt. Peristalsis 
was obstructive, and the character of the 
vomitus was identical Avith that of the stool. 
The remainder of the physical examination 
Avas essentially negatiA’-e. A flat plate of 
the abdomen (Fig. 1) Avas reported as pos- 
sible intestinal obstruction at the ileocecal 
A’-alve. TAA’'elA"e hours were spent in the 
administration of parenteral fluids, chemo- 
therapy and preparation of the patient for 
laparotomy. 

At operation, there AA'-as great distention 
of the small boAA''el proximal to the ileocecal 
A'^ah'^e. The cecum AA’-as located in its normal 
position in the right lower quadrant. The 
ileocecal A'^ah'^e appeared abnormal externally 
as though intussusception of the ileum into 
the cecum had begun. The terminal small 
bowel and the ascending colon were the site 
of an inflammatorj’- process. The boAvel 
AA^all was thick and the vessels engorged. As 
the bowel was being carefully lifted up, a 
small hole Avas accidental!}'- torn in the friable 
cecum. Through this hole the ileocecal A'ah’-e 
was explored. There was no actual intus- 
susception. It was possible to insert a groov- 
ed director through the ileocecal A'alve into 
the terminal ileum. At this point the infant 
went into peripheral coUapse, despite an 
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intravenous infusion of blood; and therefore catheter into the cecum. In situ the small 
everj-^ effort was made to get him off the bowel appeared distended and the large 
operating table as soon as possible. A bowel hypertrophic. Water could readily 
No. 10 rubber catheter was passed through be introduced by syringe through the cath- 
the opening in the cecum into the terminal eter into both cecum and ileum but could 
ileum and sutured in place to serve as a not be aspirated because obstruction of the 
means of decompression. The abdominal fenestra by mucosal tags, 
contents were replaced in the peritoneal cav- The lungs showed mild acute passive con- 
ity only vdth great difficulty. gestion and edema. The liver presented 



Fig. I.— Fiat plate of the abdomen taken several hours after admission. Supine film on the left, 

erect film on the right. _ 


The postoperative course was progres- fatty dystrophy and some of its canaliculi 
sively dmvn hill despite chemotherapy, the were filled wth bfie pigment casts. The 
parenteral administration of fluids, plasma kidneys showed a few scattered convoluted 
and blood and other supportive therapj". tubules in which the epithelium was re- 
The abdominal distention was relieved but placed by calcium deposits, 
little by the ileostomy, and peristaltic activ- The lesions of interest were in the intes- 
ity was never restored. On the 3rd post- tinal tract. The esophagus and stomach were 
operatiiT day the infant died. normal. The serosa of the intestines was 

Autopsy. (Univ. of Penna., 1946-1, covered in places with fibrinous exudate, 
7 hours postmortem.) The bod.v exhibited and exhibited dark green discolored patches, 
malnutrition, dehydration, scleral icterus and The entire small bowel was dilated. The 
abdominal distention. There was a general- wall of the proximal small bmcel was thick- 
ized fibrinous peritonitis and a droplet of ened but friable throughout. The thicken- 
piis was uncovered about the entrance of the ing increased from the duodenum distally 
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and was maximal at the ileocecal valve, 
appendix, cecum and ascending colon but 
then lessened gradually toward the anus. 
In the colon the thickening involved the sub- 
mucosa, muscularis, and the tissue external 
to the muscular coat (Fig. 2). The mucosa 
of the distal two-thirds of the ileum appeared 
gray-brown and friable; it peeled off easity 
and was absent in thin transverse patches. 
The mucosa of the colon from the ileocecal 
valve to the anus had a thickened cobble- 
stone appearance. In the sigmoid there was a 
small, round, punched-out ulcer about 3 mm. 
in diameter ^vith a ragged base. There was a 
no point of frank obstruction. 


cells the nucleus was eccentric. Lymphatics 
often contained exudate. In addition, there 
was necrosis of the mucosa and part of the 
submucosa, with a mild superimposed poly- 
morphonuclear response. 

The colon e.xhibited a most pronounced 
picture of chronic inflammation, fibrosis and 
hypertrophy of the muscular coats (Fig. 4). 
The mucosa was thrown into high thick 
folds and fibrosis was marked in the sub- 
mucosa and the tissue external to the muscu- 
laris. The histologic appearance varied 
considerably from place to place. The 
mononuclear exudate was more marked in 
some places than in others Avhile fibrosis 



Fig.'2. — Bowel of 3 weeks old B. D. compared with normal bowel of 6 weeks old infant. 1, Colon 
of B. D.; 2, normal colon; 3, ileum of B. D.; 4, normal ileum. 


On section, the wall was thickened not 
only in its submucosa but also in its muscu- 
lature, including the muscularis mucosae. 
This was evident by comparison of similar 
sections of small and large bowel of a nor- 
mal 6 weeks old infant (Fig. 3). The thick- 
ening, however, was due more to the inflam- 
matory changes in the submucosa and sub- 
serosa than to hypertrophy of the muscularis. 

Microscopic examination of the proximal 
ileum showed some autolysis but, neverthe- 
less, it was obvious that the wall was thick- 
ened. The musculature was hypertrophic; 
the submucosa and subserosa were thickened 
by fibrosis, hypermia, edema, and an exmdate 
of cells which were difficult to recognize 
because of the autotysis. The distal ileum 
showed similar changes, but thej’' were more 
marked. The exudate was composed of 
mononuclear leukocytes, small and large; 
they were characterized by round, dense 
nuclei and varjnng amounts of cytoplasm 
which was sometimes basophilic. In some 


Avas prominent elseAvhere. Often fibroblasts 
and new vessel formation were apparent. 
There Avere no giant cells. There AA'-ere occa- 
sional eosinophils and often macrophages 
AAuth finely A'^acuolated cytoplasm. Occa- 
sionally there Avas fibrinoid degeneration of 
collagen. Some arteries had thickened dense 
adA’-entitia. Occasional small vessels con- 
tained platelet thrombi enmeshing red cells 
and leukoc5’^tes. The appendix showed 
similar changes. 

A section of the sigmoid ulcer showed a 
defect A\ffiich involved the mucosa, sub- 
mucosa, and part of the muscularis and 
Avhich undermined the mucosal edges. The 
base was necrotic and the submucosa along 
the edges AA'as gi'eatty thickened by the same 
changes described aboA'e, but eosinophilic 
leukocytes occurred frequently. In the rest 
of the section the changes AA'ere much less 
eAudent than those higher in the colon. 

The mesentery was gi-eatly thickened, and 
the lymph nodes AA^ere enlarged, soft, discrete 
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Fig. 3. — Photomicrographs of sections of botvel; B. D. compared with normal. A, Normal colon 
B, enlarged colon of B. D.; C, normal ileum; D, enlarged ileum of B. D. X 10. 



Fig. 4.~Case B. D. Photomicrograph of submucosa of colon. Note marked fibrosis and 

mononuclear exudate. X ”3. 
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and pale gray in color. The mesenteric 
serosa showed an acute fibrinous inflamma- 
tion, part of the generalized peritonitis. The 
chronic inflammation seen in the wall of the 
bowel was also present in the mesentery 
(Fig. 5) but, in addition, there were foci of 
polymorphonuclear cells scattered about. 
The arteries showed marked dense advential 
thickening (as if it were part of the general 
fibrosis), and the elastic laminse were thrown 
into deep folds. The lumens appeared rela- 
tively small. Similar but milder changes 
were seen in the connective tissue about 
the pancreas. 


Comment. As the infant died when 
less than a month old, it would seem from 
the chronic nature of the process (chronic 
inflammation, fibrosis and hypertrophy of 
the bowel) that it had begun in xdero. 
The fact that symptoms and signs were 
present from birth may well support this 
assumption. 

Physical examination and barium study 
of the mother’s gastro-intestinal tract re- 



Fig. 5. — Case B. D. Thickened mesentery. Left: illustrates thickened narrowed mesenteric 
vessels. X S. Right: shows fibrosis and mononuclear e.xudate, with portion of lymph node at 
extreme right. X 73. 


The lymph nodes were depleted of Ij'-mpho- 
cytes. The sinusoids contained numerous 
small and large mononuclears and sometimes 
neutrophils, although the nuclei tended to 
be pj^lmotic so that the cells were difficult 
to classify. The macrophages in both the 
nodes and the mesenteric connective tissue 
often had a fine pale vacuolization in their 
cytoplasm. 

Loeffler stains revealed no bacteria in 
bowel, mesentery, or mesenteric nodes. Cul- 
tures were not taken. Fat stains showed no 
fat in the macrophages of bowel or mesente^J^ 


vealed no demonstrable lesion other than 
a cystocele. She had been in good health 
throughout her entire pregnancy and was 
Rh positive. 

Summary. A unique case of chronic 
enterocolitis involving the entire small 
and large bowel in a newborn is reported. 
It seems likely that this lesion had its 
origin in prenatal life. 
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Muscle weakness, usually associated 
with atrophy, constitutes one of the most 
disabling features of rheumatoid arth- 
ritis. If the muscle atrophy becomes 
established, it undoubtedly contributes 
to joint deformity and presents a major 
hindrance to the regaining of the normal 
joint function. In addition, early in the 
disease, motor weakness, often accom- 
panied by numbness and paresthesias, 
may strongly suggest the diagnosis of a 
primar}^ neurologic disorder. The prob- 
lem of muscular atrophy in arthritis has 
attracted the attention of numerous clini- 
cal observers and has led to animal ex- 
perimentation in an attempt to elucidate 
its origin. Since rheumatoid arthritis can- 
not be reproduced in animals, the present 
investigation is entirely upon the human 
subject and utilizes both electromyo- 
graphic tracings and histologic studies of 
the central nervous system, the peripheral 
nerves and the voluntary muscles. 

Electromyographic Observations. The 
observations which were made with the 


aid of electromyographic tracings were 
divided into several parts. The first com- 
prised the recording of voluntary con- 
tractions, which were compared with 
those obtained from normal individuals. 
In the second part, the object was to 
ascertain whether or not involuntary 
activity was present, such as is seen, for 
example, in progressive muscular atrophy 
in the form of fasciculations.f Finally 
since the increased reflexes and even 
clonus®'’’®* often found in rheumatoid arth- 
ritis suggest spasticity, we looked for the 
2 outstanding electromyographic charac- 
teristics of this s'tate, which have recently 
been pointed out by Hoefer and Putnam.^® 
These are synchronization in pattern and 
frequencies of motor unit records when 2 
or more coaxial electrodes are inserted 
into a muscle during a gentle voluntary 
contraction and a spread of tendon re- 
flexes to muscles served by reflex arcs at 
other levels or even on the opposite side 
of the body. We may anticipate tjbe 
description of our results by stating here 


* This is Publication No. 93 of the Robert W. Lovett Memorial Foundation for the Study of Crippling 
Disease, Hanmrd Medical School, 

t This study was aided by grants from the Commonwealth Fund, New York City. 

J Throughout this paper, the commonly understood distinction between faseiculations and fibrilla- 
tions will be adhered to. The former, which are visible through the skin, are considered to be contrac- 
tions of groups of muscle fibers making up single motor units. Fibrillations, on the other hand, which 
can be seen only through mucous membrane or on the surface of an e.vposed muscle, represent con- 
tractions of single muscle fibers and arise consequent to denervation. Another possibility suggested by 
recent obsenmtions'«.2’ should be mentioned, that synchronized fibrillations may result in ‘‘fascicula- 
tions.” 
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that tracings from voluntary and reflex 
muscle contractions in patients unth rheu- 
matoid arthritis showed no apparent de- 
viation from the normal and gave no hint 
of spasticity. We did find involuntary 
muscular activity, however, which we 
attempted to define by comparison with 
that recorded in recognized neuromuscular 
disorders and to delimit its point of origin 
by procaine block of the common peroneal 
nerves. 

Material and Methods. The largest group 
of patients tested comprised those vith well- 
marked rheumatoid arthritis, 34 in number. 
These were all being treated on the hospital 
wards and were therefore, nnth 1 exception, 
of moderate or marked severity. There 
were 16 males and 18 females, vath ages 
ranging from 12 to 58, with a mean of 35.6. 
The duration of the disease varied from 
6 months to 13 years, with a mean of 5.2 
years. Six of the patients, all males, had 
involvement of the spine in addition to 
peripheral joints. No form of selection was 
used and the patients represented a cross- 
section of the disease as seen in hospital 
practice. As a corollary to the study of the 
patients rvith rheumatoid arthritis, an addi- 
tional group of patients with articular, mus- 
cular, or neurologic disease was tested for 
involuntary muscular activity. These com- 
prised 3 patients with acute gonorrheal 
arthritis, 1 patient with acute specific infec- 
tious arthritis of unknown etiologj', 2 pa- 
tients with Charcot joints secondary to tabes 
dorsalis, 1 patient with joint disability fol- 
lowing fixation, 1 patient with dermato- 
myositis and 2 patients vnth progressive 
muscular atroph3". As a final check, the 
muscles of 10 normal controls were tested 
for evidence of spontaneous activity. 

The muscles chosen for examination were 
those in relationship to involved joints and 
included in the upper extremity, the triceps, 
biceps and the flexor and extensor muscles 
of the forearm. In the leg, the quadriceps, 
hamstring group, anterior tibial and gastroc- 
nemius were most commonly tested. The 
results obtained from each were similar and 
did not vary in respect to the muscle chosen. 
In the normal controls, we searched for in- 
voluntarj- activity in all of the arm and leg 
muscles listed above. 

Both surface and needle electrodes were 
used to obtain the action potentials from 


the muscles. The former were flat solde 
disks, 6 to 10 mm. in diameter and attacba 
to No. 32 enamelled copper wire. The ski 
above the muscles to be studied was cleansei 
with acetone, Sanborn electrocardiograph! 
paste was applied and the electrodes wer 
kept in place with adhesive tape. Tu-o sue 
electrodes constituted a bi-polar lead am 
were placed 3 to 4 cm. apart along the an 
of the muscle. The usual resistance in sue’ 
a placement was 5000 to 10,000 ohms. Cob 
traction of the muscle under the skin di 
not displace the electrodes and other source 
of artefact such as motion in the electrod 
wires were carefully avoided. The need! 
electrodes were usually made of an insulate 
copper wire held in place within a hj'pc 
dermic needle. The exposed end of the coj 
per wire formed 1 electrode and the needl 
itself the other. Another method was t 
insert into the muscle a needle large enoug! 
to permit the passage of 2 30-gauge wire 
free from insulation only at the tips, which 
were kept slightly separated. With the wires 
in place within the muscle, the needle was 
mthdrawn, leaving a bi-polar electrode con- 
sisting of 2 wires rather than a wire \vithin 
a needle. The gain on the amplifiers was 
set so that in the relaxed normal muscle no 
deflection of the pens occurred. This repre- 
sented a 1 cm. deflection for 100 microvolts 
of input during inacti\dty and for 300 micro- 
rmlts during voluntarj' contractions. 

Amplification and recording of the muscle 
action currents were obtained by 2 types of 
ink-VTiting oscillographs, with both ghdng 
similar results. One was a Grass 3 channel 
instrument with paper speeds vaiying from 
1.5 to 6 cm. per second. With the second, 
designed and built by Loomis,^' recordings 
could be made simultaneousty in 6 channels 
at a paper speed of 3 cm. a second. The 
characteristics of both of these amplifiers 
are identical in that thej' have the first 2 
or 3 stages entirely dependent on battery 
sources of power before feeding the power 
amplifiers run from commercial 60 cj'cle 
current. Both are linear up to several 
thousand cj'cles and have time constants of 
J second. Both are condenser coupled with 
push-pull circuits and especiallj' suited for 
the operation of the mo\'ing coil type of ink- 
writing oscillographs used in recording alter- 
nation potentials from 1 to 70 cycles. 

The limitations of this method of record- 
ing for electromyographj' have been a source 
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of controversy, as it fails to record the wave 
form above 70 cycles and registers only a 
fraction of the potential of fibrillary spikes 
which last 1 to 3 milli-seconds. On the other 
hand, the advantage of being able to record 
continuously from several muscles with im- 
mediate availability of the record can only 
be obtained with ink-writing oscillographs. 
Records of film exposed to the cathode ray, 
which records all of the fast frequencies up 
to many thousand cycles, give a picture free 
of the disadvantages described above; but 
such records are not visible until the film 
has been developed and multiple recording 
is both difficult and expensive. Changes in 
the electromyogram that occur rapidly, even 
from second to second, m response to altera- 
tion in posture or the development of ten- 
sion or relaxation show up most clearly in 
the multichannel ink-writer type of recorder. 
IVhat is lost is fidelity of pattern or from 
frequenc}’’ limitation is offset by the imme- 
diate availability of the record for inspec- 
tion and study. A combination of both types 
is ideal and future observations will include 
both cathode ray inspection and photographs. 

Attempts were made to keep the patients 
as comfortable and relaxed as possible while 
tracings were being made. Otherwise the 
results were confused by a varying amount 
of muscular tension which could be electri- 
callj'' recorded in both arthritic and control 
subjects. We have also shared the experi- 
ence of Jacobson^^ that some individuals are 
difficult or even impossible to relax. Such 
patients, who made up a very small minority, 
were discarded from either the arthritic or 
control groups. Painful and deformed Joints 
were supported in the position of maximum 
comfort. During the recording the patients 
were supine or lying on one side, but, while 
the patellar reflexes were elicited, they were 
seated with feet supported. 

Blocking of the common peroneal nerve 
was obtained with the infiltration of 2% 
procaine into the region where the nerve 
passes across the fibula just below its head. 
In each case, the block was proven complete 
and successful by the absence of electrical 
activity over the anterior tibial muscle when 
voluntary dorsiflexion of the foot was at- 
tempted. In addition, vasomotor and sen- 
sory paralysis was e\ddent in the distribution 
of this nerve. 
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Results, Voluntary contractions were 
electrically recorded from the extensor and 
flexor muscles of the forearm while the 
patient squeezed a rubber bulb. The 
amount of air expelled from the bulb was 
recorded on a moving drum by means of 
a basal metabolism machine. In this way, 
a rough measurement of the patients’ 
strength (ergogram) could be obtained 
simultaneously with the electromyograms 
of the muscles concerned. No consistent 
deviation was obtained from the record- 
ings of normal controls. At times the 
electromyogi*aphic tracings exhibited an 
amplitude which was comparable to that 
obtained from normal individuals, but at 
times it was decidedly lower. In general, 
the patients with rheumatoid arthritis 
tended to relax less readily between 
squeezes, and the ergographic tracings 
demonstrated what was apparently mark- 
ed weakness and rapid fatigability. Both 
of these findings, however, could be ac- 
counted for on the basis of painful and 
limited finger joints, as well as on muscu- 
lar weakness or spasm. Tracings from 
voluntary contractions of other muscles 
which were associated with arthritic joints 
of both the leg and arm grossly resembled 
those from persons without articular 
disease. 

We have mentioned that we were not 
able to demonstrate either of the 2 out- 
standing characteristics of spasticity: syn- 
chronization of motor unit leads or a 
spread of tendon reflexes.^® Two coaxial 
needle electrodes were inserted into either 
the quadriceps or triceps muscles of 
8 patients with rheumatoid arthritis and 
repeated gentle voluntary contractions 
elicited. In every instance, the complete 
independence of motor unit leads was 
apparent, a feature which has been well 
illustrated by Hoefer and Putnam as 
characteristic of normal individuals with- 
out spasticity®® or rigidity.®® In 10 pa- 
tients with rheumatoid arthritis, patellar 
reflexes were obtained while surface elec- 
trodes were' placed over the opposite 
quadriceps and over the forearm muscles. 
An apparent spread of reflexes was noted 
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at first, but this was proven to be due 
to a movement artefact^^ and could be 
produced in normal indhuduals. By more 
careful adjustments of the patient’s posi- 
tion and of the recording 'wnres, these 
artefacts could be eliminated. After 
such precautions had been taken, although 
elicitation of the patellar jerks in several 
of our patients produced such a molent 
response that the whole body shook, no 
evidence of a spread could be picked up 
through the electromyogram. 

Next, with the idea that the muscle 
weakness and atrophy of rheumatoid 
arthritis might somehow be concerned 
with involuntary activity rather than 
disuse/^ we applied surface electrodes over 
the muscles of such patients when they 
were immobile and apparently comfort- 
able and relaxed. In many of them we 
picked up action currents as shown in 
Figure 1, 1 and 2. These tracings are 
from 2 different patients and represent 
variations in the rate and amplitude of 
these regular diphasic spikes. In the first 
tracing, the rate is 15 to 20 per second, 
and in the second, 6 per second wth 
amplitudes of 40 and 25 microvolts respec- 
tively. "We found this pattern in tracings 
of the muscles obtained with both surface 
and needle electrodes in 50% (17 out of 
34) of the rheumatoid arthritics tested. 
There was no apparent relationship be- 
tAvecn the presence or absence of this 
activity and the age, sex, duration or sever- 
ity of disease, involvement of the spine 
or the degree of visible muscular wasting. 
\Miiie such tracings were being recorded, 
no e\ndence of muscle activity was appar- 
ent to patient or observer. This activity 


usually appeared and disappeared spon- 
taneously as shorni in Figure 1, 2 and 3. 
In some patients, it lasted only a fen- 
minutes; in 1 we were able to follow it 
for an hour without change or let-up. In 
Jf, the disappearance of the actmty was 
obtained by making the patient more 
comfortable by putting a pillow under a 
pair of inflamed knees. In 5, it reap- 
peared again, -ndth the removal of the 
pillovs'. In others, how'ever, it persisted 
in spite of every attempt to increase the 
comfort and relaxation of the patient. 
The elicitation of a reflex contraction of 
the muscle concerned had no effect, either 
in initiating the pattern, nor, -while pres- 
ent, causing its disappearance. Occasion- 
ally, the series of regular spikes could be 
brought out by a voluntary contraction, 
as in 6, -where one may see a series of 
voluntary contractions foUo-wed by spon- 
taneous activity. Occasionally, they could 
be abolished by a voluntary contraction, 
as in 7, but in general, as sho-rni in 8, the 
pattern persisted, no matter how' often 
interrupted by voluntary contractions. 

Another characteristic -was that the 
acthnty might be found at a given time 
over only one localized area in a large 
muscle like tlie quadriceps, when 6 chan- 
nels were used to record electrical im- 
pulses from variously located surface elec- 
trodes. On several occasions spontaneous 
actmty was present in 1 muscle related 
to a joint and not in another. Thus, in 
respect to a knee joint involved in rheu- 
matoid arthritis, regular diphasic spikes 
might be obtained from the quadriceps 
and not simultaneously from the ham- 
strings, -with the reverse tnie at a later 


Legend for Fig. 1. 

Fig. 1.— Involuiitarj- pkclct.'i! muscle activity in patients -with rheumatoid arthriti.®, showing influence 
of discomfort and of voluntarj- contractions. Surface electrodes. Time recorded at top in seconds. 1, 
RcKuIar dipha.sic spikes obtained from skeletal muscle apparently at rest of patient with rheumatoid 
arthritis. Rato 15 to 20 per second; amplitude 40 microvolts. 3, Same as 1. Rate G per second, 
amplitude 25 microvolts. Spontaneous cessation of activity. S. Same as t and 2. Spontaneous dis- 
appearance and reappearance of ncti\-ity. J,, Disappearance of activity in quadriceps muscle of patient 
rvith rheumatoid arthritis of knees when pillow placed under them. S, Reappearance of activity in 
same muscle when pillow removed. G, Regular diphasic spikes apparently brought out by voluntap' 
contraction of quadriceps of patient with rhuematoid arthritis. 7 , .Activity apparently abolished in 
same muscle by voluntary contraction. S, Persistence of activity in same muscle in face of rcpc.atcd 
voluntarv- contractions. 
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examination. However, we found no con- 
stant relationship of flexor activity with 
resultant reciprocal extensor inhibition, as 
has been postulated in explanation of the 
more common extensor atrophy seen in 
rheumatoid arthritis.^® One very interest- 



ing finding in a patient with unilateral 
arthritis was the occurrence of this pattern 
in the forearm muscles of the as yet un- 
involved and asymptomatic side (Fig. 2 , 1 ). 
The following week she developed pain 
and early arthritic involvement of this 
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hand. In this patient, then, disturbed peculiar to rheumatoid arthritis? An ex- 
muscle function apparentlj" preceded any ample of this same pattern obtained from 
clinical evidence of articular disease, an 2 out of 4 patients with acute specific 
observation which bears out the similar infectious arthritis (3 gonorrheal and 1 of 
clinical findings of Jones.®^ unknown origin) is shovm in Figure 2, 2. 

Is this spontaneous muscular activity Below, in 3, we may see the same regular 
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series of spikes obtained from the triceps 
of a patient without any arthritis. This 
young man had had a lobectomy for 
bronchiectasis. As part of the postopera- 
tive management, his right arm was 
strapped to his side for 3 weeks and had 
just been freed. He still had pain on full 
abduction and rotation of the shoulder. 
Thus, with the same patterns found in 
specific infectious arthritis and in joint 
disability due to fixation, one cannot 
assign this phenomenon exclusively to the 
muscles of patients with rheumatoid arth- 
ritis. However, in examining the limb 
muscles of 10 normal controls in an at- 
tempt to find activity of this nature, only 
a few isolated groups of diphasic spikes 
were observed, nor was involuntary activ- 
ity present in the muscles of 2 patients 
with Charcot joints and 1 with dermato- 
myositis. 

Recent observations have shovm a 
closely similar pattern of involuntary 
discharges to be present in a number of 
diseases or injuries of the central of 
peripheral nervous system. In anterior 
poliomyelitis, spontaneous discharges are 
a striking feature, especially in the con- 
valescent stage, Avhen they are a sign or 
improvement in muscle function.®'*'® The 
same is true of nerve injuries'*®'®®’®^ and 
infectious polyneuritis® with the electro- 
myographic tracings in the 3 conditions 
resembling each other as well as those we 
have described in rheumatoid arthritis. 
The electromyogram is also useful in 
localizing impairment of muscle inner- 
vation from spinal cord lesions, both 
neoplasms and ruptured intervertebral 
disks^^’®^’®® by means of the recording of 
involuntary activity in the muscles con- 
cerned, with the pattern again resembling 
that found in rheumatoid artlu-itis. 

The point of origin of the nerve impulses 
which bring about the spontaneous mus- 
cular activity in the diseases or injuries 
of the nervous system mentioned in the 
preceding paragraph has not been defined. 
Prom the location of the primary patho- 
logic process, it may be assumed to origi- 
nate in the case of anterior poliomyelitis 


from anterior horn or internuncial cells 
and in nerve injuries and infectious poly- 
neuritis from peripheral nerve fibers. 
When spinal tumors and ruptured inter- 
vertebral disks are ’ concerned, however, 
the activity may be a response to stimuli 
anywhere along the lower motor neurone 
or indeed, as pointed out by Hoefer and 
Guttman,®^ through sensory pathways or 
from intramedullary structures some dis- 
tance away from both sensory and motor 
roots. The application of these concepts 
furnishes little assistance in the localiza- 
tion of the origin of the involuntary motor 
activity found in rheumatoid artlu’itis. 
The observations outlined in the next 
paragraph were therefore made, in an 
attempt to determine to some extent the 
source of the nerve impulses responsible 
for this activity. 

In 8 patients with rheumatoid arthritis 
involving the ankle and, or, knee joint, 
a successful block of the motor and sen- 
sory fibers of the common peroneal nerve 
was performed with 2 % procaine. In 
none of the patients was spontaneous 
activity present in the anterior tibial mus- 
cle following the procaine block, although 
continuous electromyographic recording 
was performed for at least 15 minutes. 
In 5 of the 8, the characteristic pattern 
which we have described was present 
before the nerve block. Tracings were 
also made from the opposite anterior 
tibial muscle, the nerve supply of which 
was not interrupted. In 1 patient, activ- 
ity was present in this muscle both before 
and after the nerve block. Due to the 
inconstant nature of these series of di- 
phasic spikes, which, as we have shown, 
appear and disappear spontaneously, it is 
difficult to draw conclusions from acute 
experiments of this nature. However, 
since tlie results were so constant in these 
8 cases, there seems little reason to doubt 
that blockage of the peripheral nerve is 
capable of interrupting the path of origin 
of these motor discharges. We can thus 
at least place their source proximal to the 
point ol blockage, but more definite 
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localization must await further experi- 
mentation. 

Spontaneous motor actmty is found 
also in other disorders of the neuromuscu- 
lar system, but in each case the pattern is 
different from that encountered in rheu- 
matoid arthritis. Fibrillations, which fol- 
low denervation of a muscle by section 
of its motor nerve, can be distinguished 
from the diphasic spikes which appear 
vdth beginning return of function and 
which, as we have stated, resemble the 
involuntary actiwty in rheumatoid arth- 
ritis. Both types of activity may some- 
times be present at a certain point in the 
recovery process following nerve injuries.®^ 
Whether or not such may be the case in 
rheumatoid arthritis cannot be deter- 
mined from our observations, since fibril- 
lations are difficult to demonstrate with 
the ink-uTiting oscillographs used. The 
pattern of the muscular acti\dty caused 
by tetanus toxin-®’®® is also unlike that 
observed in rheumatoid arthritis, while 
rigidity associated with extrapj-ramidal 
lesions is characterized l)y irregular elec- 
tromyographic activity resembling that 
of a sustained voluntary contraction, al- 
though of about one-fourth the average 
amplitude.®® Finally, the “rest activity’’ 
seen in a certain type of myositis® is also 
similar to the tracing of a moderate volun- 
tary contraction. Thus, the spontaneous 
muscle activity of rheumatoid arthritis, 
while resembling closely that found in 
-1 types of neuromuscular disorders, is 
unlike that described in the last 4 forms. 

The electromyographic pattern of the 
fasciculations characteristic of progres- 
si\’e muscular atrophy may superficially 
resemble that of rheumatoid arthritis, as 
shown by the upper line of Figure 2, 4- 
The lower line of this tracing shows a 
more characteristic run of fasciculations 
with a more easily recognizable dissimil- 
arity. .\nother difference lies in the fact 
that fasciculations may be brought out or 
intensified by the injection of prostig- 
mine,’® which was not the case in respect 
to the sj)ontaneous muscular activity of 
patients with rheumatoid arthritis. It 


has been postulated®® that the differing 
patterns found in progressive muscular 
atrophy and in nerve injuries, infectious 
poljmeuritis and anterior poliomyelitis 
may depend upon the progressive degen- 
eration taking place in the former con- 
trasted to regeneration in the latter 3 
conditions. It is of some interest in this 
respect that tracings recently taken from 
a patient with rheumatoid artlmitis who 
developed paralysis of dorsiflexion of the 
foot resembled to a large extent the fas- 
ciculations of progressive muscular atro- 
phy. The e\’idence is conflicting as to 
the usual point of origin of the fascicula- 
tions of progressive muscular atrophy. 
Experiments utilizing nerve blocking"’"’®’®® 
or interruption’® have tended to place the 
origin of the involuntary activity in the 
distal portion of the nerve, in contrast to 
our findings in rheumatoid arthritis. It 
is probable, however, that they may arise 
at times from any portion of the lower 
motor neurone, from the cell body to the 
myoneural junction.®’ 

As stated above, sustained involuntary 
activity was not observed in control pa- 
tients without arthritis. Howe\’er, with 
a concentric needle electrode, which i.s 
small enough to pick up the action currents 
of a single motor unit, it is possible for 
a normal subject, with a very gentle mus- 
cular contraction, to produce a series of 
spikes as shown in Figure 2, 5. These 
may persist, at 9 or 10 to a second, for 
nearly a minute. IVith increased effort, 
the pattern becomes that of a voluntary 
muscle contraction, iis shown in the adja- 
cent tracing. Similarly, the regular series 
of diphasic spikes from the muscles of an 
arthritic may merge into a complex pat- 
tern indistinguishable from a voluntary 
muscle contraction (Fig. 2, 6). This may 
persist for several minutes without the 
patient himself being aware of it. 

Others have noted*’®’’’® these single- 
spike discharges of constant height and 
form recorded in weak voluntary contrac- 
tions by means of needle electrodes. From 
their morphology, they have been regard- 
ed as recordings of the contractions of a 
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single motor unit (a group of muscle fibers 
innervated by a single motor nerve fiber), 
but of course may represent simultaneous 
contractions of more than 1 motor unit. 
With a stronger contraction, more motor 
units in the vicinity become active and a 
complex pattern is obtained, in which it 
is impossible to distinguish the single 
motor units. In patients with nerve in- 
juries, however, with consequent reduction 
of a number of active nerve or muscle 
fibers, a single motor unit pattern of re- 
sponse may be obtained even with maxi- 
mum efforts.®’^®'®^ The tracings from 
both of these responses resemble quite 
closely the involuntary muscular activity 
in patients with rheumatoid arthiitis. It 
seems reasonable then to assume that in 
this disease there is often only a single 
motor unit at work in a given area, a 
situation which the regular series of spikes 
probably represents. A similar conclu- 
sion has been drawn by those who have 
observed a like pattern of spontaneous 
activity in anterior poliomyelitis, infec- 
tious polyneuritis, nerve injuries and spinal 
cord lesions.®’”'®^’®®’®®'®^ The reason for 
this is not clear at present, but 2 possi- 
bilities arise by analogy with the record- 
ings of voluntary contractions. The first 
is that the activity is of a slight degree 
and utilizes only a single motor unit in a 
given area, the second that through mus- 
cle atrophy the number of active muscle 
fibers has been reduced in the vicinity of 
the recording electrode. At present, at 
least in the case of rheumatoid arthritis, 
the first possibility seems more plausible, 
since a full voluntary muscle contraction 
was possible in all the individuals studied, 
and since, as we have demonstrated, the 
single motor unit activity not uncom- 
monly merged into the pattern of a fairly 
strong muscular contraction. Of course, 
a combination of the 2 may be at work. 

Histologic Observations.* We have had 
the opportunity of examining, postmor- 
tem, the central nervous system in 44 
patients with rheumatoid arthritis. Since 


certain degenerative changes of the paren- 
chymatous tissue and proliferative changes 
of the interstitial tissue are regularly found 
associated with advancing age alone, a 
careful comparison was made with a con- 
trol group of 50 cases of similar age dis- 
tribution but without rheumatoid arth- 
ritis. No specific lesions were found in 
the brain or spinal cord in the cases with 
rheumatoid arthritis, but alterations usu- 
ally attributed to aging were more pro- 
nounced than in the controls. The histo- 
logic alterations in both arthritics and 
controls included degeneration and dimi- 
nution in number of anterior horn cells, 
loss of axons and their myelin sheath in 
various regions of both white and gray 
matter, and a concomitant gliosis replac- 
ing this loss of parenchymatous tissue. 
As far as could be ascertained, no lesion 
of the upper motor neurones was present, 
a finding in accordance with the electro- 
myographic observations. 

The anterior horn cell changes consisted 
largely of 3 types of degeneration. Chronic 
shrinkage in which the cell body was re- 
duced in size, the nucleus pyknotic, the 
tigroid substance clumped and hyper- 
chromatic and in which the cell was 
accompanied by few, if any, satellites, 
was the most common nerve cell altera- 
tion. Pigmentary atrophy was next most 
frequently found and this disease was 
characterized by increase in lipofuchsin 
Avith a loss of Nissl substance. Sometimes 
the cell was apparently increased in size 
with an eccentric nucleus, and the cell 
membrane, bulging outward, was filled 
with bright yellow pigment in the Nissl 
stain, Avhile only a very few tigroid bodies 
remained. Such a cell was often accom- 
panied by a ring of satellites, chiefly oligo- 
dendroglia, and neuronophagia was some- 
times encountered. A very common find- 
ing was glia nodules, small scars of glia 
presumably marking the sites of former 
nerve cells. These 2 types of anterior 
horn cell disease are usually regarded as 
primary degenerations. They were found 


* One of the authors, Dr. L. R. Morrison, will report in detail elsewhere on the histologic e.xamination 
01 tho neuromiiscular system in rheumatoid arthritis. 
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in the mesial cell groups that control the 
musculature of the tnmk, and more par- 
ticularly in the lateral groups •wherein are 
located the cell bodies of the nerres that 
innervate the muscles of the limbs. A 
third type of cell disease, retrograde degen- 
eration, was found principally in the lateral 
projections of the anterior horns and only 
in the arthritic group. This lesion con- 
sisted of swelling of the cell body, central 
chromatolysis with peripheral pyknosis, 
occasionally vacuolation, and, very often, 
eccentricity of the nucleus. Examples of 
this “axonal reaction” were found in one- 
fourth of the 44 cases. 

Anterior horn cell changes in rheuma- 
toid arthritis have been described by 
previous workers, although in no instance 
has comparison been made with a control 
group. The earliest report encountered is 
that of Folli’® in 1893, followed by Banna- 
tjme® in 1898, h'lott and Tredgold’® in 
1902 and by Pennj-*^ in 1913, who made 
careful and detailed observations on ante- 
rior horn cell alterations in 6 cases. 

Changes were also observed in our 
patients in the white matter, including 
loss of nij'elin, disease and disappearance 
of axons and hyperplasia of astrocytes, 
but they were not greater than could be 
ascribed to advancing age. The same can 
be said of the alterations in Clarke's col- 
umn, in contrast to the anterior horn cell 
degeneration, which, while not specific, 
Wiis definitely more advanced than in the 
control group. 

In the peripheral nervc.s, lesions were 
found somewhat similar to those described 
by other investigators.’'’"-*"’’* -'’'^’-'**-'*^"'’’ In 
'2(i out of 31 casc-s, inflammatory reactions 
were present in the nerve sheath, chiefly 
in the perineurium. The reaction con- 
sisted largely of lymphocytes and plasma 
cells with endothelial and occasional epithe- 
lioid cells or monocytes present a.= well. 
Sometimes. a.s eniplta.sizcd in recent re- 
ports.*' *'* the.'^e foci were nodular in 
appearance (Figs. 3 and 4), and had an 
indefinite, acellular center, at times re- 
sembling collagen. The eosinophilic cen- 
tral region did not show fibrinoid degen- 


eration, however, and neither was there 
any conspicuous reaction of epithelioid 
cells. A fairly dense zone of lymphocytes 
would often surround the acellular center 
while plasma cells and monocytes were 
more apt to be found at the periphery. 
There was no fibroblastic capsule sur- 
rounding the outer layer but a fairly 
sharp line of demarcation was brought 
about by the interstitial tissue of the 
nerve, either the perineurium, or, less com- 
monly, the epineurium. More frequently, 
however, the zones were less clear-cut and 
the lesions looked less nodular, being 
sometimes long and narrow with lympho- 
cytes and plasma cells more or less inter- 
mingled and the inflammatory reaction 
often situated in relation to a blood-vessel. 
In addition to these paravascular collec- 
tions of reacting cells, there were occa- 
sionall}'- other groups, chiefly lymphocytes, 
found in relation to the endoneurium, too 
small to har-e any definite shape yet con- 
spicuous enough to be called pathologic 
and not found in normal nerves. 

Mhilc these lesions were not ordinarily 
in direct relation to the parenchymatous 
structures, the r-arious nerve sheaths being 
interposed, the myelin sheaths and the 
axons often showed pathologic changes. 
These changes, while distinct enough, 
•n'ere of a scattered, isolated distrii)Ution 
without widespread patches of nerve de- 
generation. Usually the axons and mediil- 
lary sheaths were .affected individually or in 
small groups, commensurate with the small 
size and number of the pcrineuritic foci. 
Silver impregnations were not flonc on 
some of the cases, but on those on which 
they were done Ifi of them showed .altera- 
tions of the axons ranging from thickening 
through moniliform swellings up to vacuo- 
lation. fragmentation and tortuosity (sec 
Figs. ’} and fi). 

Alterations in the myelin sheath, while 
not extensive nor always present, were 
seen in the Oil Red 0 and tlic Weigert or 
Weil stains. They also varied in degree 
from slight thickening and pallor to com- 
plete myelin breakdown, with myelin 
figure formation, gjtter cell actiwty and 
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bodies. Those of the anterior horn cells 
have already been mentioned but there 
were in addition somewhat similar altera- 
tions in several of the small number of 
posterior root ganglia we have examined. 
These posterior root ganglion cells showed 


swelling, central chromatolysis, neurono- 
phagia, increased capsule cells and, in at 
least 1 case (an S year old boy), marked 
increase in melanotic pigment. Identical 
changes are recorded bj* Pennj’^^ in his 
histologic study of 6 cases in 1913. Also, 



I'm. Swollinc anrl ttiickeninc of axons (.•!') in close proximity to perineural nodule, edge of which 

i.s visible (.V). Hodian .«t:iin. X .100. 



in. ti. ."'Roi'en .a.'centnpbilic fr3Kincnt.-i of axon (.-1). Peripheral nerve. Bodian stain. X .'iOO. 
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as might be expected, alterations were 
sometimes found in anterior and posterior 
roots as a possible cause of, or consequent 
to the degeneration in the corresponding 
cell bodies. Previous studies have in- 
included these findings.^^’®®’^®’®®-®'^ In a 
few instances ganglia of the sympathetic 
chain were examined, but the excessive 


pigmentation and interstitial infiltration 
occasionally seen may have been due 
solely to age, according to the standards 
of Kuntz.®® 

As already reported by others,’ 

43,62.63 alterations were also found in skeletal 
muscles. These consisted in collections 
of lymphocytes, plasma cells and, in the 



Fia. 7.— Swelling of the myelin sheath with myelin figure formation. Peripheral nerve, 

Weil stain. X 300. 


Fig. 8.— Muscle from right calf showing paravascular inflammatory nodule, which 
IjTnphocytes and plasma cells. Eosin-methylene blue stain, X 100, 


consists chieflj' of 
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larger foci, occasional epithelioid cells. 
Such lesions were in the perimysium or 
endomysium and occurred in 8 out of 
14 cases. The lesions varied from definite 
nodular forms (Fig. 8) to smaller collec- 
tions of lymphocytes and plasma cells 
often seen in relation to a blood-vessel. 
In addition to the inflammatory reaction 
in the interstitial tissue of the muscle, 
the muscle fibers themselves were fre- 
quently degenerated. This degeneration 
was characterized by thinning of the mus- 
cle fibers, sometimes to such a degree 
that the sarcolemmal nuclei from opposite 
sides were touching one another; increase 
in sarcolemmal nuclei; at times the forma- 
tion of dense cords of pyknotic nuclei 
clustered in the midst of a pale, shrunken 
muscle fiber; loss of cross-striations and 
increase in connective tissue. 

While the inflammatory lesions of the 
peripheral nerves and muscles suggested 
specificity, closely corresponding lesions 
were found in muscle and a nerve in a case 
of dermatomyositis, in muscle in 1 case 
of disseminated lupus erythematosus and 
in a nerve in another, and in muscle from 
a case of scleroderma. Two patients with 
rheumatic heart disease, and without evi- 
tlence of arthritis at autopsy,, showed in- 
flammatory changes in peripheral nerves. 
Since other investigators have reported 
inflammatory lesions similar to those of 
rheumatoid arthritis in tiie mnselcs in 
tlermatorayositis,'' scleroderma,^ rlieumatic 
fever," disseminated lupus erythemtitosus^’ 
and anterior poliomyelitis,’- the e.vistence 
of characteristic, diagnostic, histologic 
changes in the neuromuscular system in 
rheumatoid arthritis remains to be dem- 
onstrated. 

The rt'sult.s of our histologic studies of 
the ncr%'ous system and muscles in rheu- 
matoid arthritis, combined with those 
rejmrted in the literature, fumisdi, how- 
ever, further e\'idence of the systemic 
nature of the disea.'^e. Direct involve- 
ment of the neuromuscular system by the 
di.-easc process seems highly likely in the 
ease of iK’riphcral ncrvi's and muscles and 
jKissibly accounts for the une.xpected 


degree of degeneration present in the 
anterior horn cells. In addition, a reason- 
able basis is now at hand to explain either 
wholly or in part the motor and sensory 
neurologic manifestations of rheumatoid 
arthritis, as well as the spontaneous 
skeletal muscle activity demonstrated by 
electromj'ographic tracings. Material for 
histologic e.\'amination is available from 
only 2 patients in whom such muscular 
activity was demonstrated. Both showed 
at autopsy’, performed 3| years and 1 year 
after the electromyographic studies re- 
spectively, inflammatory lesions of u 
muscle and of a peripheral nerve. 

Discussion. The general agreement 
that the muscles of normal individuals 
in a relaxed state shove no evidence of 
electrical activity’ is confirmed by 
our findings in normal controls. In pa- 
tients with rheumatoid artlnritis, the 
muscles related to the involved joints may 
be in an inconstant state of tension. 
From the nerve-blocking e.xperiments, it 
is probable that this tension is not pro- 
duced within the muscle fibers or at the 
neuromuscular junction but by motor im- 
pulses from above the point of block. 
iVn additional observation is that there 
is often only a single motor unit at work 
in a given area. We have tluis far no 
means of knowing whether or not this 
tension arises refle.xly in response to stimu- 
lation of the articular sensory nerve end- 
ings. The activity was only rarely asso- 
ciated with consciou.s discomfort on the 
part of the patient, and could not be 
produced by causing pain in the involved 
joint by squeezing or moving it. Of 
course the extreme form of this tension, 
the palpable muscle spasm "guarding” a 
painful joint lias always been assumed to 
arise refiexly, chiefly because it disappears 
when the pain is relieved and because of 
its similarity to muscle spasm arising 
from disorders of thoracic or abdominal 
viscera. 

The explanation of muscular atrophy 
in arthritis is not yet at band, although 
the theory suggc,sted by Sir .Tames Paget’’ 
in IS73 that it arises refiexly from painful 
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stimuli has received the greatest support 
in several comprehensive reviews of the 
subject.^ Furthermore, it has been 
shown by animal experiments^*’ that 
muscle atrophy can be prevented or di- 
minished by cutting the posterior roots 
which carr}^ impulses to the cord from 
joints in which a chemical or infectious 
arthritis has been set up. The lack of 
knowledge of the mechanism by which 
the muscle atrophy takes place in conse- 
quence to the stimuli arising in the joints 
presents the real difficulty in the full 
acceptance of this theory. Harding^^ has 
suggested that it is due to muscular over- 
activity from abnormally excitable spinal 
centers and has found increased oxygen 
consumption in the muscles atrophying 
sequential to the arthritis. The constant 
purposeless activity called fibrillation has 
been brought forward as the cause of 
muscle atrophy following denervation, 
although this hypothesis also remains un- 
proven. The muscular tension which we 
have found in our patients must be present 
many hours out of the 24. It might con- 
ceivably be related, though yet unproven 
and by a mechanism not explained, to the 
development of muscular atrophy. How- 
ever, the existence of continued single 
motor unit discharges would mean that 
the tension produced is well below the 
range of fatigue of the units at work. 
It is therefore doubtful that muscle wast- 
ing could be caused by such activity as 
we have described. 

In view of the demonstration of lesions 
in the neuromuscular system of patients 
with rheumatoid arthritis, a more plausi- 
ble explanation of the spontaneous mus- 
cular activity may be available. If we 
accept this explanation, our nerve-blocking 
experiments would tend to place their 
origin somewhere in the proximal part of 
a lower motor neurone rather than in a 
muscle, neuromuscular junction or the 
distal portion of a peripheral nerve. Such 
a concept is borne out by the finding of 
a closely similar pattern of single motor 
unit activity in disorders invchfing chiefly 
the lower motor neurone, including ante- 


rior poliomyelitis, nerve injuries and in- 
fectious polyneuritis. 

One objection to this concept lies in the 
fact that we have recorded single motor 
unit activity from the muscles of patients 
Avith specific infectious arthritis and joint 
disability due to fixation, where there is 
no reason to believe that pathologic 
changes take place in the nerves or mus- 
cles similar to those in rheumatoid arth- 
ritis.’^ Such patients also demonstrate a 
rapid onset of muscle weakness and 
atrophy. Just as the single motor unit 
muscular activity in lesions of the spinal 
cord is believed to arise at times reflexly 
through sensory pathways, it is entirely 
possible that the activity of like pattern 
in rheumatoid arthritis may also result 
from sensory impulses set up in the in- 
flamed joints. This second explanation 
would also fit in with the results of our 
nerve-blocking experiments. 

It would be premature at this time 
to attempt to draw any final conclusions 
as to the relationship between muscle 
activity, weakness or atrophy and the 
histologic changes found in the nerves 
and muscles in rheumatoid arthritis. We 
shall be satisfied if this presentation and 
discussion of our findings will encourage 
the increasing interest in the importance 
of the neuromuscular system in the total 
clinical picture in rheumatoid arthritis. 

Summary. 1. In an attempt to eluci- 
date the mechanism of muscle weakness 
and atrophy in rheumatoid arthritis, elec- 
tromyographic studies were performed on 
patients with rheumatoid and other forms 
of arthritis. In addition, postmortem his- 
tologic observations were made of the 
central and peripheral nervous system and 
of the muscles in rheumatoid arthritis. 

2. Tracings of voluntary muscle con- 
tractions showed no constant deviation 
from those of normal controls. 

3. Sjmchronization of motor unit leads 
and spread of tendon reflexes, important 
electromyographic characteristics of upper 
motor neurone lesions, could not be 
demonstrated in patients with rheumatoid 
arthritis.' 
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4. Involuntary skeletal muscle ac^i^^ty 
was inconstantly present in 50% of 
34 patients with rheumatoid arthritis, 
consisting usually in a scries of regularly 
recurring diphasic spikes, believed to 
represent contractions of a single motor 
unit. A closely similar pattern has been 
observed in anterior poliomyelitis, periph- 
eral nerve injuries, infectious polyneuritis 
and .spinal cord lesions (tumors and nip- 
tured intervertebral disks). 

5. In 8 patients, regularly recurring 
spikes were not recorded after procaine 
block of the motor nerve supply to the 
muscle examined. This finding places 
their origin above the point of block. 

6. In 44 patients with rhcuinatoid arth- 
ritis, the centra! nervous system showed 
no specific lesions at postmortem. Altera- 
tions usually attributed to aging were 
more pronounced, however, in the arthri- 
tics than in a control group of similar age 


distribution. These changes were found 
especially in the lateral projections of the 
anterior horns. 

7. Lesions were found in the peripheral 
nerves (in 26 out of 31 cases) and in the 
muscles (in S out of 14 cases) similar to 
those reported by other observers. 

S. Direct involvement of the neiiro- 
musCTilar system by the disease process 
seems highly likely in rheumatoid arthritis 
and may explain the neurologic signs and 
symptoms so prominent in this disease, 
including muscle weakness and atrophy. 

9. The spontaneous skeletal muscle 
activity in rheumatoid arthritis may also 
be e.xplained on the basis of pathologic 
lesions of the lower motor neurones, with 
corroborative e\'idcncc furnished by the 
closely similar clcctromyograpliic pattern 
found in known disorders of this portion 
of the ner\'ous system. 


Tlio authors are indebted to Miss Margaret Carroll and Mrs. Elizabeth Reresford for technical assist- 
ance. 
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The fact that penicillin can surmount 
the hemato-encephalic barrier and appear 
in significant concentrations* in the cere- 
brospinal fluid was recently demonstrated 
in a pretdous publication.^ It was found 
that patients receitnng 10 million units 
of penicillin, intravenously, over a 24 hour 
period, exhibited penicillin in the cerebro- 
spinal fluid in 71.5% of the series, whereas 
patients receiHng 25 million units, intra- 
venously, revealed significant amounts of 
the drug in 100% of the cases. It was 
also found that as the dose of the drug 
was increased, the penicillin level in the 
cerebrospinal fluid was likewise increased. 

In the above study, however, all deter- 
minations of spinal fluid concentration of 
penicillin were made on fluids which had 
been drawn within hour after comple- 
tion of intravenous therapy. 

The question, “ How long does the pen- 
icillin remain in the cerebrospinal fluid?” 
immediately came to mind. The follow- 
ing study was tlone to ascertain the dura- 
tion of time over which penicillin could 
be detected in cerebrospinal fluid follow- 
ing the intravenous administration of 
25 million units of penicillin over a 24 hour 
period. 

A group of Sfl patients exhibiting dark- 
field positive lesions of primary or secon- 
dary syphilis wils included in this study. 
Twenty-five million units of penicillin. 


contained in 1000 cc. of physiologic saline 
solution, were administered to each pa- 
tient by the intravenous route, using drip 
technique. The pinch clamp was adjusted 
so that delivery of the 1000 cc. of solution 
containing the penicillin was distributed 
equitably over the 24 hour period. A sub- 
cutaneous injection of 300 mg. heparin, 
contained in the “Pitkin menstruum,”* 
was given immediately prior to the initia- 
tion of penicillin therapy to circumvent 
the thrombophlebitis so frequently asso- 
ciated M-ith intravenous administration of 
penicillin. 

A lumbar puncture was performed on 
each patient only once after the conclusion 
of therapy. One group of 3 patients was 
subjected to lumbar puncture 18 hours 
after the conclusion of penicillin therapy. 
Another group of 14 patients was studied 
12 hours after therapy. Thereafter, addi- 
tional groups of 14 patients each were 
examined at 9, 8, 7 and 6 hours after the 
discontinuation of therapy. A smaller 
group of 10 patients was examined 5 hours 
after the completion of therapy, inasmuch 
as our supply of penicillin was exhausted 
at this point. 

The results of this study are set forth 
in Tabic 1. No penicillin could be recov- 
ered from patients either at 18 or at 12 
hours after completion of treatment. 

At 9 hours, however, 1 of tlie 14 patient.s 


• In-c!? for the of tbi** paper are 0.01 to O.OTS unit per cr. ns reportH by McDrr* 

fr.ott, DuBoi*- to the “efrc<*iive level** for Tr^ponrma jyilttdnm. 
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studied revealed a significant level. There- 
after, as the interval between the time of 
completion of treatment and the time of 
lumbar puncture was shortened, the fre- 
quency of appearance of appreciable pen- 
icillin levels varied inversely. Thus, at 
5 hours, 100% of the patients studied 
demonstrated significant cerebrospinal lev- 
els of penicillin. 


tions of the nervous system is generall^\' 
recognized. A safe, effective mode of 
directing the drug to the site of the patho- 
logic process, therefore, assumes great 
importance, and it follows that the lengtli 
of time over which the drug will remain 
at the site desired is of great moment. 

No relationship could be established 
between age, weight, or sex in either the 


Table 1.— Penicillin Levels in Cerebrospinal Fluid After Treatment 

Oxford Units Per Cc. 


5 hrs. 

G hrs. 

7 hr.s. 

8 hrs. 

9 Iir.s. 

12 hrs. 

0.04 

0.02 

0 1 

0 05 

0 

0 

0.06 

0,025 

0 

0 

0 

0 

0.025 

0,06 

0 03 

0 

0 

0 

0.05 

0.06 

0 

0 

0 

0 

0.06 

0.03 

0.03 

0 

0 

0 

0.1 

0 06 

0.02 

0 025 

0 

0 

0.05 

0.1 

0.025 

0 05 

0 

0 

0.05 

0 1 

0.1 

0 025 

0 

0 

0.3 

0 . 

0 05 

0 

0 

0 

0 03 

0.04 

0.05 

0 

0 

0 


0.025 

0 025 

0.025 

0 

0 


0.02 

0.025 

0 

0 

0 


0.05 

0 

0 025 

0 

0 


0 04 

0 03 

0 

0 02 

0 



Percentage of Fluids Showing Penicillin 



100% 

93% 

78% 

43% 

7% 



Table 2.— Relationship Between Time Follo-wing Completion of Treatment and 
Frequency of Detection of Penicillin in Cerebrospinal Fluid 
5 Hrs. 6 Hrs. 7 Hrs. 8 Hrs. 9 Hrs. 12 Hrs. 




Penicillin present 
Penicillin not present 


Each group comprises 14 patients with the exception of the "5 Hrs.” group in which there were 
10 patients. 


Table 2 graphically illustrates the rela- 
tionship between the length of time elaps- 
ing following the completion of therapy 
and the frequency of detection of penicillin 
in the cerebrospinal fluid. 

Comment. That penicillin is a most 
effective agent in the treatment of infec- 


concentration or the frequency of appear- 
ance of penicillin in the cerebrospinal fluid 
after given periods of time, follo\ving 
completion of therapy. 

Summary. 1. A group of 83 patients 
with dark-field positive syphilis were given 
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25 million units of penicillin by continuous 
intravenous drip over a 24 hour period. 

2. Penicillin activity in the cerebro- 
spinal fluid of these patients was deter- 
mined at 18, 12, 9, 8, 7, 6 and 5 hours 
after completion of treatment. 

3. Penicillin could be detected in the 
cerebrospinal fluid of all patients whose 
lumbar puncture was performed 5 hours 
after completion of treatment; the highest 


levels being 0.3 Oxford units per cc., and 
the lowest being 0.04 Oxford units per cc. 

4. Inverse proportion was observed 
betn’een time elapsed after completion of 
treatment and percentage of patients pre- 
senting penicillin in the cerebrospinal fluid. 

5. No penicillin was detectable in the 
cerebrospinal fluid of patients 12 hours 
after the completion of treatment. 


We are indebted to Mr. John L. Smith of Charles Pfizer & Co., for his keen interest, valuable sug- 
gestions and constant cooperation. We were able, through him, to obtain the generous supply of pen- 
icillin utilized in these experimental studies. We wish to express our appreciation to Miss Helen 
Zaborowski for technical assistance. 
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The advent of penicillin therapy in the 
treatment of subacute bacterial endo- 
carditis should have a salutary effect in 
stimulating more careful bacteriologic 
studies of the organism. With increased 
experience in the effective use of penicillin 
to achieve clinical cures in these cases, it 
now seems of paramount importance to 
investigate more critically the possible 
reasons for the reappearance of bacteria 
during, or shortly after completion of, 
treatment presumed to be adequate. Most 
of the larger series of cases have included 
a small percentage falling into this group, 
which have frequently yielded to increased 
therapy. Two possible reasons have been 
considered from time to time in the 
literature: (1) the development of an 
acquired resistance to penicillin by the 
particular strain involved; (2) the pos- 
sible presence of more than 1 strain at the 
time of treatment. The first has received 
wide, and on the whole uncritical, ac- 
ceptance; the second has only occasionally 
been suggested, most recently by MacNeal 
and Blevins.'* Believing that the latter 
possibility has not received the careful 
consideration it warrants, we submit the 
following report of 2 coexistent strains of 
streptococci with widely divergent sensi- 
tivities to penicillin, found in each of 2 
successive blood cultures drawn from a 
recent patient with subacute bacterial 
endocarditis. 

The first evidence of 2 strains was 
observed in the course of a rapid estimate 
of sensitivity to penicillin routinely done 
in this laboratory by placing filter paper 
disks impregnated with known dilutions 
of a penicillin standard on blood agar 


plates thinly streaked with the first identi- 
fiable growth obtained. Since the original 
culture had taken 72 hours to develop in 
broth flasks, and subculture growth on 
blood agar plates was scanty, duplicate 
test plates were made; 1 for routine 
aerobic culture at 37° C., 1 for 10% CO 2 . 
In 24 hours the culture under reduced 
oxygen tension had grown well, outside 
of a sharply defined clear zone surround- 
ing the filter paper disk, which indicated 
a sensitivity of 0.03 Oxford units. Nor- 
mal aerobic incubation had only produced 
a scanty, irregular growth in the outer 
areas of the second test plate at this time. 
Both plates were returned for further in- 
cubation under normal oxygen tension. 
Careful examination after 48 hours reveal- 
ed similar, well-defined zones of inhibition 
now clearly apparent on both plates, and 
in addition 2 and 3 single colonies, respec- 
tively, growing at various points well 
within the clear zones. 

Subcultures from these isolated colonies 
grew luxuriantly in 24 hours under normal 
atmospheric conditions. The simultane- 
ous subcultures made from the first growth 
observed, selected just beyond the edge 
of the clear zone to minimize any differ- 
ences due to unequal exposure to penicillin, 
again required 10% CO 2 for optimal 
growth in 24 hours. Blood agar plate 
sensitivities to penicillin were repeated 
for each of the 2 strains thus isolated. 
The colonies subcultured from outside the 
zone of inhibition again had a sensitiHty 
of 0.03 O.xford units, and will hereafter 
be referred to as the C-PS strain. In 
marked contrast, the paper disk method 
indicated a probable sensitivity of 5 0.x- 


* Aided by a grant from tho A. B. Kuppenlieimer Fund. 
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ford units for the second strain, subcul- 
tured from the scattered colonies within 
the original clear zone. The latter will 
be referred to as the C-PO strain. Both 
sensitivities were subsequently confirmed 
by a turbidity method. Blood agar plate 
sensiti\dties, repeated with each strain on 
several occasions, failed to produce any 
variation in the growth characteristics or 
sensitivity of either one, or any other 
colonies vithin the clear zone of the C-PS 
strain which might suggest the develop- 
ment of a penicillin resistant variant of 
the original strain. The 2 strains were 
similarly isolated from a second culture, 
taken 24 hours later. 

Cultural and biochemical evidence fur- 
ther confirmed our impression of the 
presence of 2 distinct strains, and the 
differential characteristics remained un- 
changed over a period of 3 months, except 
for relatively greater ease in growng the 
C-PS strain due to prolonged subculture 
on artificial media. Both strains produced 
alpha hemolysis on (human) blood agar 
plates, and could be roughly classified as 
belonging to the viridans group of strep- 
tococci, although each had a distinctively 
different appearance. The C-PS strain 
consistently produced a flat, dark forest- 
green growth. Under the colony scope 
this re.'solved itself info very small, dis- 
crete, smooth, moist, pyramidal colonies, 
diirk in color, and surrounded by a fairly 
extensive area of deep green discoloration 
with partial destruction of the erythro- 
cytes. The C-PO strain was equally con- 
sistent. Larger colonics, smoothly round- 
ed, glistening, p.'ilcr yellow-green tending 
toward confluence, and a moderate area 
of discoloration without visible de.stnic- 
tion of the erythmeytes were formed, 
which browned somewhat with age. Fur- 
ther pertinent data can be summarized 
ius follow.s; dextrose, lactose, malto.ce, 
mannite, salicin. .‘^uernse were fermented 
in 24 hours by the C-PO strain. The 
C-PS strain fermcmed none in a week, 
altliough good growth w.a.s supi)orted i>y 
the me<lium. Neither attacked inulin in 
1 week. * Medium for optimum growth of 


the C-PO strain was ascites-dextrose-vea 
broth, although a simple veal broth sup- 
ported it adequately. The C-PS strain 
continued to require Brewer’s medium for 
optimum growth. 

Lancefield tjqiing sera were not avail- 
able to us at the time of this study, and 
the C-PS strain spontaneously failed to 
survive routine subculture after 3 months. 
However, the diversity of the action on 
blood agar, sensitiwty to penicillin, and 
sugar fermentation reactions appear to be 
sufficient to fulfill Sherman’s criterion that 
"a difference in 5 characters is ample to 
tell us that 2 bacteria are not the same.”“ 
No further positive blood cultures were 
obtained, as high dosage penicillin therapy, 
based on the indicated sensitixnties, was 
immediately instituted, the patient be- 
came bacteria-free, and has remained so to 
date (11 months). Because of the pre- 
ponderantly heavy growth of the C-PS 
strain, we were not successful in isolating 
the individual strains by any other means 
than the difference in sensitixdty to pen- 
icillin. 

Since the earl}’ work of one of us^ in 
isolating 2 coexistent strains of xdridans 
streptococcus from the same heart valve 
lesions, we have been interested in the 
incidence of mixed infections in septi- 
cemia and bacterial cntlocarditis. We feel 
that the simultaneous presence of more 
than 1 strain of streptococcus is quite 
possible, and a definite factor to be con- 
sidered in the bacteriologic diagnosis of 
subacute bacterial endocarditis. Fleming 
introduced the principle of sen.sitivity to 
penicillin as a differential factor in isolat- 
ing different organisms in 1929, in his 
work with //. in/Iurnzx.- Within the past 
few years it has been rather widely devel- 
oped as a means of .securing positive cul- 
tures for the diagnosis of pertussis. The 
use of penicillin flircctiy on tlic culture 
plate for this purpose has most recently 
been discussed by Bradford, Day and 
Berty’ but so far as %ve have Iwen able 
to determine this is the first application 
of the principle to the isolation of 2 infec- 
tious strains of streptococcus ooraim'ng 
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simultaneously in a case of bacterial endo- 
carditis. Such a condition is particularly 
important when a heavy or antagonistic 
growth of a relatively sensitive strain may 
completely mask the presence of a more 
resistant strain, unless positive cultures 
are carefully studied with this in view. 
Should oversight lead to inadequate pen- 
icillin therapy, clinical relapse with re- 
appearance of the more resistant strain 
could be expected. 

Summary. 1. Two coexistent strains of 
Strep, viridans were isolated from a case 


of subacute bacterial endocarditis only be- 
cause of widely divergent sensitivities to 
penicillin. 

2. The undiscovered presence of more 
than 1 infective strain of streptococcus 
can be a factor in causing apparent re- 
lapse of patients with subacute bacterial 
endocarditis, following penicillin therapy. 

3. The Oxford cup, or filter paper disk 
modification, for determining penicillin 
sensitivity may provide a valuable method 
for isolating individual strains of organ- 
isms from a mixed culture. 
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THE SPONTANEOUS OCCURRENCE OF NEW BACTERIAL INFECTIONS 
DURING THE COURSE OF TREATMENT WITH STREPTOMYCIN 

OR PENICILLIN*t 

By Louis Weinstein, M.D., Ph.D. 

BOSTON, MASSACHUSETTS 

(From the Haynes and Evans Memorials, Massachusetts Memorial Hospitals, and the Department of 
Medicine, Boston University School of Medicine) 


The use of antibiotic agents with highly 
specific, selective activity has solved many 
of the difficulties encountered in the treat- 
ment of infectious diseases. However, 
many new problems have been created; 
some of these arise because the lives of 
patients are prolonged sufficiently to allow 
time for the development of complications 
of the original disease; others are the result 
of accidents occurring during the adminis- 
tration of these drugs, such as the intro- 
duction of new bacteria; some arise as the 
result of the use of a drug -with no action 
against the infecting organism. It is with 
one of these problems, the appearance of 
new infections during the course of treat- 
ment with such agents as penicillin and 
streptomycin, that this paper concerns 
itself. 

Althongli both penicillin and strepto- 
mycin are highly antibacterial, this activ- 
ity is more or less specific; thus, penicillin 
is active mainly against gram-positive bac- 
teria, whereas streptomycin c.xcrts its 
greatest effects against members of the 
gram-negative group. Altiiougii organ- 
isms su.^ceptibie to each of these agents 
show varying degrees of resistance, on the 
whole most of the su.seeptible bacteria can 
he eliminated if an adequate dose of cither 
of the antibiotic agents is given. During 
tlic course of therapy with streptomycin 
or penicillin, in addition to an effect on 
the specific organism responsible for an 
infection, altcration.s in the bacterial flora 
in various part.« of the body may occur; 
thus pram-positive bacteria may be elimi- 
nated from the nasopbaryngcal flora when 
penicillin is administered and gram-nega- 

• Th^ »trr;t?^»rriyr:n tj-'M in thi' bttuiy 
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tive ones when streptomycin is given. 
Lipman, Coss and Boots,' in a study of 
. the throat and intestinal flora of rheuma- 
toid arthritis cases to whom penicillin was 
administered daily over a period of months 
demonstrated a rapid and striking change. 
The throat cultures of all of the patients 
revealed a predominance of gram-positive 
diplococci sensitive to penicillin prior to 
antibiotic therapy. During the course 
of treatment, gram-negative organisms, 
mainly E. coli, were found to be predomi- 
nant. Less striking though definite chang- 
es in the intestinal flora also took place. 

It is possible that such alterations in 
the distribution of organisms in sites of 
the body where a mixed flora is usually 
present may occur in many patients who 
receive therapy with one of the specific 
antibiotic agents. In most cases, such 
changes in the bacterial population \rith 
suppression of certain groups of bacteria 
and increase in the number of others prob- 
ably leads to no untoward result, and the 
patient’s recovery is not affected. In 
other cases, however, such alterations in 
the flora result in the rapid growth of 
virulent ijacteria, which may have been 
present originally only in very small 
numbers, and which were not susceptible 
to tlie antibiotic agent administered. If 
the general resistance to infection he de- 
pressed, new infections may occur follow- 
ing such a change. In the ca.scs dc.scrihcd 
below, the use of cither streptomycin or 
penicillin resulted in the elimination of 
one grotip of bacteria and allowed anotlier 
which wa-s probably prc-'cnt in small num- 
ber? in certain sites to become numeri- 

slefl hy thr National R»^^f\rrh CmincU from 

»ira!:on for Clirtirnl Inv/"*!i'r:3tion hy 


Caith 
t Thl- 


on C’Lt'TT.othf'rr.rM*’:!:'*.* Oii.or Ar»’nt**. 

hv a frran* th'' Johnson Fo'indaiion, N. 



WEINSTEIN: BACTERIAL INFECTIONS 


57 


cally predominant and to invade the tis- 
sues and produce new disease. 

New infections arising during the course 
of antibiotic treatment may have a differ- 
ent pathogenesis than the one just de- 
scribed. Organisms that are not suscep- 
tible to the specific agent being used may 
be introduced accidentally (from the skin 
or from contaminated apparatus) during 
the administration of the antibiotic sub- 
stance into the pleural, peritoneal, synov- 
ial, or lumbar spaces or into the muscles 
or blood stream in the course of veni- 
puncture and intramuscular injections, 
and may produce new infections at a time 
when the original disease is responding 
well to therapy. Infection with gram- 
negative bacteria during the course of 
penicillin treatment, such as gluteal ab- 
scess due to E. coli and infections of pleural 
fluids with Ps. seruginosa or with P. ml- 
garis, have been seen in this hospital. 
This type of new infection is not the result 
of a change in tire normal bacterial flora 
of tissues, however, but results from the 
introduction of new organisms acciden- 
tally during the manipulations incident 
to the proper administration of the anti- 
biotic agents. This type of new infection 
is not described in this paper. Only those 
cases in which alterations in the normally 
occurring bacterial flora led to the estab- 
lishment of new infections are discussed. 

In our study of the treatment of scarlet 
fever with penicillin, Type B and untyp- 
able strains of H. infiucnzx that could not 
be detected on the original nasal and 
pharyngeal cultures became the predomi- 
nant organism in the nasopharynx of a 
large number of patients after Strep, pyo- 
genes had been eradicated. This was 
probably due to the fact that there was 
an increase in the carrier rate of H. 
infiucnzx in this part of the country dur- 
ing the past winter as e\’idenced by detec- 
tion of a larger number of individuals 
harboring this bacterium and by an in- 
crease in the incidence of H. infiucnzx 
meningitis. The failure to isolate this 
organism from the throat cultures before 
penicillin was' administered was probably 


due to the fact that they were present 
only in very small numbers. With reduc- 
tion in the gram-positive organisms as the 
result of treatment, the gram-negative 
ones increased in numbers, and H. infiu- 
enzx, E. coli and members of the Neisseria 
group became predominant. In practi- 
cally all the patients who showed this 
type of change in the nasopharyngeal 
flora, no complicating infections were seen. 
However, in 1 case, this type of change in 
bacterial flora resulted in pneumonia and 
bacteremia due to H. infiucnzx and, in 
another, led to severe bronchitis and pneu- 
monia due to K. pneumonix. These cases 
are described below. 

Case Reports. Case 1. A 4 year old 
white boy was admitted to the hospital 
because of pneumonia following measles. 
Six days previously, he had had a tem- 
perature of 104° F. and Koplik’s spots. 
The next day, a typical morbilliform rash 
was present over the entire body. While 
the eruption was fading and the patient 
was apparently getting better, there was a 
sudden rise in temperature. A diagnosis 
of pneumonia was made and the child was 
sent to the hospital. 

Physical examination on admission re- 
vealed an acutely ill boy who was breathing 
rapidly, with flaring of the alas nasi, and 
had a non-productive cough. The tem- 
perature was 105.8° F., the pulse 160, the 
respirations 42, and the blood pressure 
110/64. The skin showed a diffuse fading 
measles rash. The pharynx was slightly 
reddened but showed no other abnormali- 
ties. Examination of the lungs revealed 
widespread fine, crackling moist rales. 
The remainder of the physical examination 
was within normal limits. 

The urine on admission was clear e.xcept 
for 1-|- albumin. The hemoglobin was 
10.6 gm. per 100 cc., and the white cell count 
8300, with 62% neutrophils, 34% h'mpho- 
cytes, 3% monocytes and 1% eosinophils. 
A blood culture was sterile. The nose and 
throat revealed a preponderance of non- 
hemolytic Siaph. aureus, but alpha strep- 
tococci, diphtheroids, and A*, catarrhalis 
were also present. 

Penicillin in a dosage of 15,000 units 
everj’ 3 hours was administered immedi- 
ateh' after admission, and continued for 
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18 days. The temperature remained ele- 
vated to high levels during the first 2 da 3 ’'s 
and there appeared to be some spread of 
the pneumonic process. The quantity of 
penicillin was increased, therefore, to 
25,000 units everj- 3 hours. Following this, 
there seemed to be some improvement and 
the temperature fell to 101° F., but on the 
5th hospital daj- suddenl}' rose to 104° F. 
The patient appeared considerablj- more 
ill, and the pneumonia seemed to have 
spread further. Although nose and throat 
cultures were made daily, H, influemse, 
Tj’pe B, was isolated in almost pure cul- 
ture from these sources for the first time 
on the 4th da 3 '. It had not been detectable 
in the cultures made before this time. A 
blood culture taken on the 5th day re- 
vealed the influenza bacillus. The white 
cell count rose to 16,500, with 84% poty- 
morphonuclear leukoc 3 'tes, most of which 
were young forms. On the 5th da 3 ’, the 
cold agglutinin titer of the blood was 1:64. 

Because of the failure to respond to pen- 
icillin and the recover 3 ' of H. injlMcmx from 
the throat and blood late in the course of 
the disease, it was thought that the patient 
had had an atypical viral bronchopneu- 
monia wliich had become complicated bi' 
secondary infection with B. vifluenzs:. 
Therefore, 1 gm. of streptomycin per da 3 ' 
was administered in divided doses ever 3 ' 
3 hours inframuscularl 3 ', and penicillin was 
stopped. The temperature fell promptly 
to normal levels for I dar' and then rose 
again to 105° F., with an increase in the 
white blood cell count to 29,450. At this 
time, marked redness, swelling, heat and 
tenderness were noted in the lateral aspect 
of the right thigh at the site of a needle 
puncture for lu’podermocb'sis. Because of 
the presence of thus subcutaneous infection, 
penicillin treatment was resumed. The 2 
antibiotic agents were administered to- 
gether and the temperature prompth- re- 
turned to nonnal, where it remained for 
the remainder of the hospital star". The 
nre.a of inflammatory' reaction in the leg 
gradu.all 3 ' subsided, the changes in the lungs 
cleared, and the resjuratorr' rate fell to 
normal. The patient wa= eomidetel.v well 
when discharged from the hospit.al 27 d.ar's 
after admi-’-ion. 

Ca.'J; 2 . .\ o.! year old white man w.as 

admitted to th'' lio-pit.al with a diagnosj.- 
o; /.".urial d!r>lifh''.'ia. 111^= ilhu',--; h.ad bo^uji 


1 week previously with a sore throat; this 
became rapidl 3 '- and progressiveb' worse 
until he was extremeb' weak, unable to 
swallow and had moderate dyspnea. No 
treatment was given except for 50,000 units 
of penicillin ever 3 ' 4 hours for 3 days prior 
to admission. 

Ph 3 'sical examination revealed a well- 
developed, moderately obese man who ap- 
peared acutely ill and was breathing with 
some difficulty. The temperature was 
102°, pulse 108, respirations 30, and blood 
pressure 110/80. The phar 3 'ngeal mucosa 
was covered b 3 " a thick gra 3 'ish white exu- 
date which extended onto the soft palate 
and over both tonsillar foss®, and covered 
the entire inmla. The breath had a pun- 
gent, fetid odor. There was limitation of 
motion of the left side of the chest and dull- 
ness to percussion over the entire left lung 
anteriorl 3 ' and posteriorb’; the breath 
sounds were markedly diminished just 
below the scapula and were bareh’ audible 
over the left base. No bronchial breathing 
was heard and onb' occasional coarse rfdes 
were audible. The lung findings were inter- 
preted as due to extension of diphtheritic 
membrane down the trachea and into tl)c 
left lung, since the patient ivas very hoarse. 
The trachea was in the midline. The heart 
was within normal limits except for a rale 
of 102. The remainder of the ph 3 'sical c.x- 
amination was not remarkable except for 
moderate cyanosis of the nail beds and lips. 

Tile urine had a specific gravit 3 ’ of 1.022, 
and contained 80 to 100 white blood cells 
per high power field on admission but was 
within nonnal limits thereafter. The white 
blood cell count was 29,700, with 79% 
neutrophils, 18%r lyi^pfiocylcs, 2S1) mono- 
C 3 'tes and 1% basophils. A blood culture 
was negative. Culture of the nose and 
throat revealed large numbers of homo- 
b'tic Stnph. aureus, C. diphlhcrix and 
Ty-pe 14 pneumococcus. K. pncumom,r 
was not found in the nose or throat on 
admi ssion. 

The jiaticnt yvas given 100,000 units of 
diphtheria antitoxin immediately’ after ad- 
mission, and .started on a regimen of 30,000 
units of penicillin cver.v 3 hours intramu.-- 
cularl.v. In the next few dax'.s, the tein- 
p'^rature gradually returned to norm.al and 
improvement in the clinie.'il .status took 
pl.ace; during this time .several pieces of 
tough diphtheritie m''ml>r.'!n'%vere roughed 
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up. On the 2nd hospital day, follomng 
a violent coughing spell, the patient devel- 
oped interstitial emphysema, the air being 
present subcutaneously over the upper part 
of the chest, neck and face; this disappeared 
within 24 hours. On the 5th day, dyspnea 
became more marked and there were signs 
of fluid in the left chest. Thoracentesis 
yielded 600 cc. of sterile serosanguineous 
fluid which contained 15,000 erythrocytes 
and 750 leukocytes, 42% of which were 
neutrophils, 39% lymphocytes and 19% 
epithelial cells. The total protein was 
3.62 gm. per 100 cc. and the fluid clotted 
on standing. One day prior to chest tap 
(4th day), the patient began to cough up 
thick, purulent, blood-streaked sputum 
which contained large numbers of K. pneu- 
vionisi and E. coli. None of the throat 
cultures which had been done previousl}'' 
(daily) had ever revealed any gram-nega- 
tive organisms. Bacteriologic examinations 
of the throat and sputum subsequent to 
the 4th dajr showed only E. coli and the 
Friedlander’s bacillus. Many fine and 
coarse moist rdles were present in both 
lungs continually from the 4th day, and 
cough and expectoration of bloody, puru- 
lent sputum increased. On the 6th day, 
the patient began to have more difficulty 
in breathing, gradually went into peripheral 
vascular collapse, and in spite of intensive 
therapy, including 0.5 gm. of streptomycin 
given intramuscularly every 3 hours, ex- 
pired early on the 7th hospital day. 

Electrocardiograms taken revealed no 
abnormalities on the daj' of admi.ssion, 
auricular premature systoles in all leads on 
the 4th day, and right bundle branch as 
well as complete heart block on the day 
preceding death. 

Poslmorlcm examinalion showed a diffuse 
myocarditis which grossl}’’ resembled that 
of diphtheria. The mucosa of the entire 
tracheobronchial tree was markedly red- 
dened and there was a small amount of 
purulent exudate in the bronchi. The lungs 
were the seat of an early bronchopneumonia. 
Culture of numerous areas in the pulmo- 
nary tissues revealed only K. pneumonix. 
Two blood cultures taken on the day of 
death were sterile. 

Case 3. A3 year old girl was admitted 
to the hospital because of fever and ab- 
dominal pain. Two and a half years prior 
to admission ‘she had had a "kidne}' infec- 


tion,” from which she recovered in 23 days. 
Seven weeks before coming to the hospital 
she had uncomplicated pertussis. Six hours 
before admission, there was a sudden onset 
of abdominal pain and vomiting. The 
temperature was elevated to 101.2° and 
the patient was brought to the hospital. 

On admission the temperature was 99° F., 
the pulse 160 and the respirations 26. 
Physical examination was entirel}’’ within 
normal limits except for slight distention 
of the abdomen and generalized abdominal 
tenderness, somewhat more marked on the 
right. Peristaltic sounds were diminished. 
No tenderness could be detected in the 
costovertebral angles. The white cell count 
was 24,100, with 84%, neutrophils and 16% 
lymphocytes. Examination of the urine 
revealed a specific gravity of 1.020, 2+ 
albumin, and 50 to 60 white cells per high 
power field, in a catheterized specimen. 
The hemoglobin was 11 gra. per 100 cc. 
Culture of the urine revealed H. injlucnzx, 
which was neither Type A or B. 

Streptomycin, 125 mg. every 3 hours, 
Avas administered intramuscularlj’' for 5 
days. The temperature remained normal 
during the entire course of treatment, and 
the urine A\'as sterile 24 hours after begin- 
ning therapy with the antibiotic agent. 
The leukocytes in the urine decreased 
rapidly until, on the 5th day, there Avere 
only 1 or 2 per high power field; the albu- 
minuria disappeared. The white cell count 
fell to 9100 by the end of 10 days. The 
temperature throughout the hospital stay 
AA-as normal except for the 6th and 19th 
days, Avhen it rose to 100.4° and 100.8°, 
respectively. On the 7th day, the number 
of white cells in the urine increased to 30 
to 40 per high poAver field. Thereafter,, 
pyuria persisted, with 12 to 20 white cells 
per high power field in catheterized speci- 
mens. Simultaneously with the recurrence 
of P 3 'uria, non-hemobdic Staph, aureus was 
cultured from the urine; this organism was 
isolated a number of times during the re- 
mainder of the hospital stay. 

Because of the recurrent pj-'clonephritls, 
the patient was referred to another hospital 
for complete study of the renal tract. 

Case 4. A 10 month old girl was referred 
to the hospital because of drowsiness of 
2 days duration and vomiting and fever 
(103° F.) and stiffness of the neck for 
24 hours. 
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The striking findings on physical exam- 
ination at admission were extreme restless- 
ness, tachypnea, bilateral internal strabis- 
mus, stiffness of the neck and back, and 
positive Kernig’s sign. The temperature 
was 105.6° F., the pulse rate 150 and 
respiration 44 per minute. The urine was 
within normal limits. The white cell count 
was 10,850, with 70% neutrophils, 29% 
lymphocytes and 1% monocytes. The 
spinal fluid was under increased pressure 
and contained 18,250 cells, 80% of which 
were neutrophils; the protein was 114 mg, 
per 100 cc., and the sugar 26 mg. //. in- 
flucnzx, Type B, was present in both the 
spinal fluid and blood. Cultures of the 
nose and throat revealed diphtheroids, 
alpha streptococci, and few colonies of 
Sla-pb. aureus and jY. catarrhalis. 

Immediatel 5 ’^ after admission, treatment 
with streptomj'cin, 0,1 gm. every 3 hours 
intramuscularly, was started and continued 
for 5| days. It was then omitted for 2 days 
following which 1.2 gm. was administered 
in the next 30 hours. Fifty mg. of the 
antibiotic agent were instilled into the 
spinal canal on admission, and 0.025 gm. 
given every 24 hours thereafter for the next 
10 days. The blood and spinal fluid were 
cleared of 11. inflncmx 24 hours after 
treatment was started and remained sterile 
for the rest of the hospital stay. 

There was moderate improvement in the 
clinical condition, and the temperature re- 
turned to normal on the 5th da.v, but coma 
and twitching.*: persi-^ifed. Bactcriologic e.x- 
amination of tlie nose and tliroat revealed 
that on the 5th day and every day thore- 
affer, a pure culture of hemolytic Slaph. 
mircus was present. The temperature rose 
.to 102° F. on the Sth day and remained 
at Inch levels for the re.st of the course. 
On the flth day, moist cracking rales were 
heard throuchont both hin'.; fields, and 
Roenfeen ray examination revealed dilTusc 
liilateral bronchopneumonia. T’cnieillin, 
120,000 iinit-s per day, was piven intranni=- 
cularly for 3’ day.- hut the coma perd^ted. 
ronvtil-iou': hoeaino more fro'iuent and 
vov<‘re, and de.atli occurred on the 12th 
ho-pital d.ay. C’lilturc' of tin- bloful diirinp 
the la^t 2 ciay- of life revealed liemolytic 

At n'lt'tp-y thf hrnin 
t'/irtiin! fnr 2 '‘TTirvIi f'f filcin, 
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which no bacteria were recovered. The 
lungs were the seat of a very diffuse, con- 
fluent bronchopneumonia from which co- 
agulase-positive, hemolytic Staph, aureus 
was isolated. 

Case 5. A 4 month old boy was sent 
to the hospital because of comnilsions of 
24 hours duration. The illness began about 
10 days prior to admission, when after a 
mild upper respiratory infection, he sud- 
denly developed a temperature of 103° F. 
Treatment with one of the sulfonamides pro- 
duced a moderate degree of improvement, 
but on the day before entrj’ the patient 
began to have frequent episodes of gen- 
eralized convulsions. He was admitted to 
another hospital where lumbar puncture 
rex'ealed a cloudj" spinal fluid containing 
gram-negative pleomorphic bacteria and 
was therefore referred to the Haynes Memo- 
rial Hospital. 

On admission to this hospital, the tem- 
perature was 102.2° F. and the respirations 
32. The positive physical findings were 
marked generalized rigidity, bulging of the 
anterior fontanelle, slight reddening of the 
tympanic membrane on the right, a small 
amount of purulent exudate and reddening 
of the mucous membrane of the no.se, mark- 
ed stiffness of the neck and back, and posi- 
tive Kernig’s sign. 

The urine wa.s essentially normal. The 
white blood count was 8.520, with 46% 
neutrophils, 49% lymphocytes, 3% mono- 
cyte.*: and 2% basophils. The liemoglobin 
was 11 gm. per 100 cc. Lumbar puncture 
revealed an initial pres.=ure of 2S0 and the 
.spinal fluid contained 30,400 cells, 91 % 
of which ncre polymorphonuclear leuko- 
cytes; the sugar was .30 mg. per 100 cc., 
and the protein ,50 mg. Direct o.vaminn- 
tion and culture of the spinal fluid revealed 
//. influnizx, Type B. Bactcriologic exam- 
ination of the blood and nose yielded the 
same organism. Throat culture revealed 
.V. rntnrrh'iUr, diphtheroids, alpha .strep- 
tococcus and a few colonie.= of Staph, aurnis. 

The p.aticnt was given 0.0,5 pn. of strep- 
tomycin every .3 hours intrninii=evil.arly, 
and 0.02 cm. of the dnjg was ndrnini-teml 
iiitrathrc.ally everx" 24 hours except for 
the 2nd, .3rd and 4th days, v/hen it v.a- 
niven every 12 hours. Iritramuscular ther- 
apy was continue:! for days ^nd intr.a- 
ftieca! freatnient for 1.3 tiay.--. Tiv- caus.a- 
tive orvanisrns di*apjKared from the 'piJia! 
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fluid and blood within 24 hours after strep- 
tomycin was exhibited, and the patient 
appeared to be making a rapid recovery. 
On the 7th day, there was a sudden eleva- 
tion of temperature to 104.6° F., and the 
blood and spinal fluid were found to con- 
tain coagulase-positive hemolytic Staph, 
aureus every day from the 7th to the 14th 
day. Staph, aureus was present in pure 
culture in the nose and pharynx for the 
first time on the 5th day and daily there- 
after until intensive penicillin therapy was 
administered. On the 10th day, a punc- 
tate erythematous rash resembling scarlet 
fever made its appearance; this increased 
in intensity for 48 hours and then began 
to fade, disappearing completely after 
6 days. Because of the persistence of 
Staph, aureus in the spinal fluid and blood, 
penicillin was given in doses of 25,000 units 
every 24 hours intrathecally and 15,000 
units every 3 hours intramuscularly. Be- 
cause this treatment did not produce clear- 
ing of the blood stream in 6 days, the 
amount of antibiotic agent given by both 
routes was doubled. Thereafter, the organ- 
isms decreased markedly in numbers in 
the throat and disappeared rapidly from 
the spinal fluid and blood. The patient 
made an uneventful recovery. 

Discussion, Five cases have been de- 
scribed in which, during the course of 
specific antibiotic therapy, there devel- 
oped new infections due to organisms that 
were not susceptible to the agent wdth 
which the ■ primary disease Avas treated. 
In 1 patient who probably had atypical 
viral pneumonia, the administration of 
penicillin resulted in an overgrowth of 
H. influcnzx in the pharynx, followed by 
an invasion of the blood and respiratory 
tract. In another individual, treatment 
of faucial diphtheria was complicated by 
the occurrence of pneumonia due to the 
Friedlander bacillus. The other 3 cases 
were treated with streptomycin for //. 
hiflucnzx infections, and 1 developed 
bronchopneumonia with bacteremia, an- 
other meningitis with bacteremia, and a 
third recurrent pyelonephritis, all due to 
hemolytic S. aureus. 

The mechanism by which this type of 
infection occurs is not completely clear. 


However, in 4 of the patients there was a 
remarkable change in the bacterial 'flora 
in the nose and throat before new infection 
developed. Organisms that were appar- 
ently present in such small numbers that 
they Avere not detected early in the course 
of the disease increased in number after 
treatment AAuth penicillin or streptomycin 
and invaded the tissues. That the new 
infections were not merely the result of 
numerical increase of one of the normal 
inhabitants of the nose and throat is evi- 
denced by the fact that changes in the 
nasopharyngeal flora folloAving the use of 
either antibiotic substance Avere frequently 
obserA^ed without a resultant neAv infec- 
tion. It is possible that in some persons, 
a high degree of bacterial antagonism 
exists in areas like the nasopharjmx and 
that certain groups of bacteria are kept 
in check by others. So long as this nor- 
mal relationship is not disturbed, the 
numbers and invasive ability of some of 
the organisms may be kept below- a criti- 
cal leA’^el; Avhen, hoAveA’^er, some of the 
bacteria are remoA’^ed as a result of contact 
Avith an antibiotic agent of high specificity, 
those organisms that are unaffected by 
the drug increase sharply in number and 
possibly in virulence. This phenomenon 
may be entirelj' due to an increase in 
numbers of bacteria if the microorganisms 
are of sufficiently high virulence. These 
ncAV infections were seen mainly in young 
children and in 1 middle-aged adult Avho 
had had a serious infection and intoxica- 
tion for 1 Aveek before antibiotic therapA" 
Avas started. Age, therefore, may be a 
determinant factor. Other factors that 
tend to produce loAvered resistance, such 
as chronic debilitating disease, senility, 
etc., may also be of importance. 

The tj'pe of organisms normally present 
in the pharynx is dependent to some degree 
on the general distribution of A'arious bac- 
teria in the population during certain 
seasons of the year. This will determine, 
in part, the organism that produces a new 
infection during the course of antibiotic 
therapy; for example, in the summer 
season the carrier rate for H. influcnzx 
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is low iuiii flic cliaiiri' tliat ii)va>ioii liy 
this orfianism will occur a^ a result of 
penicillin treatment is less than it is in 
the winter. Stnph. nurrux is present in the 
pharynx of most j)crsons at all times, 
so that the seasonal factor prohahly plays 
only a minor r('ile in production of disease 
by this organism in patients who receive 
streptomycin. 

The sjwntaneous occurrence of new 
infections flue to non-suscejitihle orjjan- 
isms durinp the cours(“ of peni<'illin or 
streptomycin therapy raises the (piestion 
of the use of either of these drups in 
insiancc-s where die exact haeteriolopie 
diagnosis is unknown, because patients 
m.'iy be exposed to the added danger of 
superimposed bacterial disease without 
any benefit to the primary proc'css. Tor 
example, the treatment of virus infections 
with either streptomycin or penicillin may 
be dangerous becatise these dnigs have 
no effect on the primary disease, and may 
allow organisms that are nonnally present 
on various tissues and are not susceptible 
to their activity to grow profusely and 
invade. The occurrence of this type of 
secondary infection is a strotig argument 
for limiting the use of the antibiotic 
agents to those cases in which bacterial 
disease is proven by isolation of the causa- 
tive agent or to those in which the possi- 
bility of bacterial infection is very strong. 

Although it might appear that the av.ail- 
ability of such agents as streptomycin and 
penicillin has reduced the necessity for 
careful bacteriologic studies in patients 
with infectious diseases, the exact oppo- 
site is the case. The highly specific. anti- 
bacterial acti\-ity of these dnigs necessi- 
tates exact identification of the causative 
agents of the infections for which they 
are used, and the need for careful bac- 
teriologic study is greater now than it 
was prior to the advent of the antibiotic 
substances. This applies not only to the 
period of the disease before treatment is 
started but also to the time during which 
therapy is being given, lest the manifes- 
tations of new infections of the type de- 


scribed in the <-:ise,< rejxirted above be 
misinterpreted as due to failure of the 
original rfisease to respond to the dnip 
being used. Fref|uent bacteriologic ex- 
amination of the bloofl and of the no?e 
an«l throat of patients who arc being 
treateil with an antibiotic agent, even 
though they seem to be jirogrcssing well, 
is to lie hiphl.v recominenfled iiecausc a 
marked increase in numiiers of an organ- 
ism in the nasojiharynx freipiently pre- 
cedes it.s invasion tif the tissues iiy at 
least 21 hours. The discovery of a pre- 
ponderance of II. iufluniztr or .S. aurriix 
in the nasojdiaryngeal flora during the 
course of jxmicillin or streptomycin treat- 
ment shfuild put the jihysieian on ptard 
for a comidicatinp infection due to cither 
of these organisms, particularly if the 
patient is a young child. 

Since new infect ion.s may occur spon- 
taneously during the admini.stration of 
penicillin or streiitom.vcin, the question 
may be raised whether or not these 2 
agents should be given simultaneously to 
patient.s who arc particularly .susceptible 
to such an event, namely the very young 
or very old. or those with chronic debili- 
tating disease. The combined use of the 
antibiotic dnigs in a shotpin fashion with 
the implication that bacteriologic exam- 
ination is then not necessary can only be 
decried. Altliouph each of these agents 
is, on the whole, non-toxic, certain patients 
ma.v become scn.ritized to them to the 
point where they cannot lie used. Treat- 
ment with a combination of both drugs 
with an untoward sensitizing reaction 
may preclude the use of either agent some 
time later in the patient’s life when his 
survival may depend on them. To advo- 
cate the employment of a combination of 
penicillin and streptomycin would result 
in even greater misuse of these drugs than 
they are at present subjected to, and 
would only further their use in many dis- 
eases in which there is no infectious basis. 

Conclusions. 1. Five cases of compli- 
cating infections occurring during the 
course of treatment with antibiotic agents. 
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2 following penicillin therapy and the 
others following streptomj^cin treatment, 
have been described. In all of these the 
second infection was produced by organ- 
isms normally present in the nasopharynx 
and was not the result of the accidental 
introduction of bacteria. 

2. The development of spontaneously 
occurring new infections during the course 
of penicillin or streptomycin therapy is a 


constant danger and must be watched for 
with great care. 

3. The need for intensive bacteriologic 
study before and during the treatment \vith 
antibiotic agents cannot be overempha- 
sized. 

4. The use of streptomycin and pen- 
icillin simultaneously at the beginning of 
treatment of an infectious disease is not 
recommended. 


Cases 4 and 5 have previously been reported in greater detail in the New England Journal of Medicine. = 
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INEFFECTIVE USE OF STREPTOMYCIN IN RHEUMATOID ARTHRITIS 
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.An infections iiolyartiiritis of rnl.s, first 
(lescril)e(i hy Collier,' iipjrears to he identi- 
cal with or closely related to the rat disease 
shown hy I'indlay, Mackenzie, MacCal- 
Inin and Klieneherncr' to he diK! to a 
plenropneninoiiia-like orfianisin. Sahin** 
deserihed a proliferative polyarthritis of 
mice ])rodnced experimentally with a plen- 
ropneiimonia-likc orifanism, and Preston' 
isolated a similar orf^anisin from sponta- 
neous rat arthritis and was able to repro- 
duce the disease in rats. The possihility 
that this polyarthritis of rats and mice 
mijiht he a counterpart of human rheu- 
matism stimulated studies" which at first 
indicated that pathogenic pleuropneu- 
monia-like organisms could he obtained 
from exudates and tissues of patients witli 
rheumatic fever. However, in further 
investigations this wa.s disproved.'-'- 

In spite of such negative findings tlicre 
remained the fact that Findlay, Mackenzie 
and MacCallum,'' and, later, Sabin and 
^Ya^ren® found that certain gold com- 
pounds exert a curative effect on arthritis 
of rats and mice due to pleuropneumonia- 
like organisms. Since gold salts also ap- 
pear to have a beneficial effect in human 
rheumatoid arthritis, it seemed possible 
that the experimentally produced disease 
of rodents might serve to screen com- 
pounds for possible effectiveness in rheu- 
matoid arthritis. 

A pleuropneumonia-like organism was 
isolated in this laboratory from a sponta- 
neous joint infection in a laboratory' rat. 
This animal showed a swollen right fore- 
leg, particularly at the radiocarpal joint, 
and the initial culture was obtained by 
aspirating a drop of fluid from the joint 
and culturing in beef infusion broth en- 
riched with 30 % ascitic fluid. On incuba- 


fion af .37° C. for 21 hours, this and sub- 
scfiucnt cultures in the same mcfliuin 
showed marked turbidity, and after an 
additional 24 hours incidiation the growth 
generally settled as a deposit of flakes in 
the bottom of the tid>e. Microscopically 
the culture showed either small gram- 
negative bacilli or gram-negative debris 
or both. J'ilcctron micrographs of the 
organism were jjrescntcd from these lab- 
oratories by AVeiss.” 

The fechnif(uc for reproducing artliritis 
in normal rats consisted in injecting O.a cc. 
of 24 ho>ir ascitic fluid broth culture intra- 
venously. During the 3rd, 4th and 5th 
dny.s after injection, a luogrcssivc polyarthri- 
tis developed, in which there were fusiform 
swellings of the toes, and progressive swell- 
ing of leg joints, the skin over these areas 
becoming tight and glistening and red or 
l)urplish in color. Within a few days, many 
of the infected rnt.s showed a hcjnorrhagic 
deposit and edema about the nose and some- 
times a conjunctivitis. An occasional rat 
had neurologic symptoms. Animals infected 
ns described and receiving no chemotherapy 
died, generally in about 2 or 3 weeks. Treat- 
ment with gold sodium thiomaleate (myo- 
chrysinc) was quite gcneralh' effective as 
noted in an earlier publication.^ 

During the past 2 years, using myo- 
chrysine-treated rats ns a standard for 
comparison, we have examined more than 
65 compounds as to their effect against 
this type of arthritis. Among these was 
penicillin^ which, like all the others, failed 
to compare at all favorably xvith the gold 
salt. However, when streptomycin was 
used a result superior to that obtained 
with the myochrysine was consistently 
observed." 

In the first experiment, 4 infected rats 
of about 100 gm. weight were treated with 
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Streptomycin hypodermically, while 6 ani- 
mals were retained as controls. Therapy 
was started about 1 hour following infec- 
tion, and 3 doses of 1 mg. each Avere given 
1st, 2nd and 3rd days, for a total of 
9 doses. The 4 treated rats remained 
entirely free of symptoms, while 5 of the 
6 controls developed pleuropneumonia in- 
fection. Two of these were dead in 5 days, 
before definite gross arthritis could appear, 
but the other 3 developed disabling joint 
involvement. 

As recounted elsewhere,® this experiment 
was repeated with larger groups of ani- 
mals and AAuth almost identical results. 

Clinical Use op Streptomycin. The 
finding of a chemotherapeutic agent which 
appeared superior to gold salts in treat- 
ment of rat polyarthritis prompted experi- 
mental use of streptomycin in human 
rheumatoid arthritis. Sufficient drug was 
obtained for treatment of 5 patients 
through the offices of C. S. Keefer, M.D., 
Chairman of the Committee on Chemo- 
therapeutic and Other Agents, National 
Research Council. Subsequently, treat- 
ment of 4 patients with higher dosage 
was attempted in order to reach a definite 
and final conclusion. 

Patients were selected to represent both 
early and advanced types of rheumatoid 
arthritis but in each instance unmistak- 
ably aetive disease was present as indi- 
cated by the criteria established by a 
committee of the American Rheumatism 
Association.^ The duration of disease 
from the initial attack of arthritis ranged 
from 7 months up to as long as 10 years, 
but in only 1 patient (E. W.) had there 
been almost continuous arthritis for a pro- 
longed period of time. In the others the 
disease had been more or less intermittent, 
the current attacks being, ivith 2 excep- 
tions, no longer than 12 months. The 
systemic sjnnptoms of rheumatoid arthri- 
tis were present in all, and each patient 
had an elevated erythrocyte sedimenta- 
tion rate. Ages ranged from 24 to 52 
years, and there were S females and 1 male. 

The disease activity Avas graded as 
either 2-{- or 3-1- in all instances on a 
scale in which l-f- indicates minor but 
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definite evidence of rheumatoid arthritis 
and d-f- the fulminating type of disease. 

Roentgenographic cAudence of disease 
in the involved joints varied from minor 
bone atrophy AAuthout other findings in 
the earliest case to narroAved joint spaces 
and evidence of destruction of articular 
surfaces in the most advanced case. Ex- 
cept for the elevation in sedimentation 
rate, laboratory examinations indicated 
only the commonly found secondary ane- 
mia so often seen in rheumatoid patients. 

Dosage. The first 5 patients were 
given 10 gm. of streptomycin in either 
5 or 6 days Avith single doses of 200 or 
250 mg. injected intramuscularly at inter- 
vals of 3 hours. Blood concentrations of 
streptomycin AA-^ere calculated for 2 of 
these patients with the paper disk-plate 
method using Staph, aureus as the test 
organism.^® In 1 case, concentrations of 
0.019, 0.012 and 0.004 mg. per cc. were 
obtained at the end of 1, 2 and 3 hours 
following a dose of 200 mg., Avhile the other 
patient showed ascending concentrations 
folloAving injection of the same amount, 
the readings being 0,012, 0.016 and 
0.019 mg. per cc. 

To complete the study it seemed desir- 
able to treat other patients Avith large 
doses on the order of 4 gm. daily for 
20 days. Only 1 of those selected was 
able to complete such a course. Taa'o 
others deA’^eloped toxic symptoms, later 
described, which limited their high dosage 
treatment to 6 days for a total of 25 gm. 
in 1 instance, and 7 days and 29 gm. in 
the other. After discontinuance of ther- 
apy and disappearance of toxic symptoms 
these patients Avere given an additional 
2 gm. each, only to have evidence of intol- 
erance return. The fourth patient Avas 
giA^en the balance of streptomycin remain- 
ing on hand at the rate of 4 gm. daily 
for a total of 30.5 gm. The maximum 
blood concentration of streptomycin ob- 
tained in estimations on 2 patients AA-as 
0.231 mg. per cc. 1 hour after injection 
of 500 mg. 

Results of Treatment. Careful joint 
CAmluations were done on each patient 
before and after treatment and again at 
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longer intervals during the follow-up 
period. Notations were made without 
reference to earlier examinations in an 
effort to record unbiased opinion. In no 
case was there definite evidence of objec- 
tive improvement. As is so often true 
with new remedies for arthritis, subjective 
improvement was quite general, and 3 pa- 
tients claimed definite benefit for as long 
as 4 Or 5 months following completion of 
treatment. It is interesting to note that 
those receiving the greatest amount of 
streptomycin seemed to improve the least. 
The erythrocyte sedimentation rate was 
not altered significantly by streptomycin. 

Toxic Effects. Among the 5 patients 
given a daily dose of 1.6 or 2 gm. only 1 
complained of what may have been evi- 
dence of intolerance to streptomycin. 
After isolated doses there was a transient 
dizziness which was brief in duration and 
appeared to be of little significance. How- 
ever, side-effects were quite general among 
those given 4 gm. daily. Nausea was a 
complaint of all 4, and it was of such 
intensity as to interfere with .food intake. 
Three patients developed hyperpyrexia 
with temperatures occasionally rising as 
high as 104° F., but usually ranging from 
normal to 102° F. In each instance, tem- 
peratures leveled off to normal when strep- 
tomycin was discontinued. One patient 
(E. W.) continued with daily fever to 
102° F. throughout 20 days of treatment. 

Two patients developed a generalized 
skin eruption at the end of 6 and 7 days 
of high dosage therapy, 1 having had a 
total of 25 gm. and the other 29 gm. A 
macular rash first appeared over the chest 
and progressed to cover tlie entire body 


as a maculopapular eruption. In 1 of 
these cases purpuric spots appeared on 
the second day of the eruption. Streptomy- 
cin was stopped in both patients as soon 
as the skin lesions appeared and within 
7 days all evidence of intolerance had dis- 
appeared. To prove that streptomycin 
was the provocative agent, both patients 
were again given the drug for a total 
second course of 2 gm. In both cases the 
rash was reproduced but with less inten- 
sity than on the first occasion. 

One patient complained of deafness on 
the 7th day of treatment with 4 gm. daily. 
Streptomycin was stopped on the 8th day, 
at which time vertigo also was a com- 
plaint. There was prompt though incom- 
plete recovery of hearing but the vertigo 
has persisted for 10 weeks at the time of 
writing this report. 

Summary and Conclusions. 1. Poly- 
arthritis of rats due to the pleuropneu- 
monia-like organism isolated in these 
laboratories is not useful in screening 
drugs for possible effectiveness in human 
rheumatoid arthritis. 

2. Effective treatment of this type of 
rat polyarthritis with streptomycin led to 
e.xperimental use of the drug in 9 patients 
with rheumatoid arthritis. Total doses of 
10 gm. given over a period of 5 or 6 days 
and larger total quantities ranging from 
2.5 to 80 gm. given at a rate of 4 gm. daily 
did not appreciably alter the course of 
rheumatoid arthrit's in the cases studied. 

3. With daily doses of 4 gm. of strep- 
tomycin, side-effects were quite general. 
These consisted of nausea, hyperpyre.xia, 
skin eruption, and deafness with vertigo. 
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SULFATHIAZOLE IN THE ABNORMAL HUMAN BILIARY TRACT* 
Hy .Tkuuy Zasi.o\v, "M.!). 
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KxowM'.ixii; of the lolc clK'iiiothcrajRMi- 
tic agonts play in disansi's of (lie Iiniuan 
fiall liladdcr and !)ili! dnots has Iiecn in u 
rather confused state. Tliis j)romi)ted 
Zaslow, Co\inseller and Heilman'*'’ ’' to 
study the prohlein with rej'ard to tlie 
antihiotics, penicillin aiul streptomyein. 
These studies indieatcfl that the agents 
were not excreted into the biliary tract 
in the presence, of cither mechanical oh- 
struetion of the !)ile duct, acute cholan- 
gitis or impaired hcj)atic function. It fol- 
lowed that these antil)iotics were of little 
value under such circumstances in treat- 
ing infections of the biliary tract. In addi- 
tion, it also was observed that the anti- 
biotics were not excreted through the wall 
of the gall bladder but reached the lumen 
through the bile flowing in the biliary tree. 
The uselessness of these drugs in treating 
local infection in the presence of aeute 
obstructive cholecystitis was obvious. As 
a result of those studies, we decided to 
investigate the effectiveness of the sulfon- 
amides. The present report deals with 
the excretion and concentration of sulfa- 
thiazole in the human gall bladder and 
bile ducts. A plan similar to that used in 
the previous investigation was followed. 

Review of literature. Carryer and 
Ivy® found high concentrations of sulfan- 
ilamide in dog’s bile after oral administra- 
tion of a single dose of 2 gm. Hubbard 
and Anderson® reported that sulfanilamide 
was regularly found in human bile drained 
from the bile ducts following oral inges- 
tion of 2 gm. They also noted that a 
higher concentration of acetylated sulfan- 
ilamide appeared in the blood than in bile 
draining out of T tubes. Spink, Bergh 


and .Termsta"’ also reporter! that a greater 
conccntratif>n of the acetylated forms of 
sulfanilamide and sidfapyridinc was found 
in the Idood of man than in the bile and 
o!)servcd that the liver concentrated sidfa- 
pyrirlinc but not sulfanil.amide. Bcttman 
and Sju’er- fo\md that the degree of con- 
centration of sulfanilamide in the human 
gull bladder was directly influenced by the 
concentrating ])ower of that organ as 
measured l)y the Graham-Cole test. More 
recently .Shay and co-workcr.s" reported 
that folh)wing ond ;nlministration of the 
rlrugs the concentration of sulfathiazole 
and sulfasuxidine in dog’s bile was more 
than 2 times that in the Idood, while the 
concentration of sulfaguanidinc in the bile 
was the same as that in the blood. How- 
ever, they observed that some of these 
sidfonamidcs were not excreted into the 
dog’s gall bladrier and raised the question 
of their usefulness in treating disease of 
the gall bladder in which the cystic duct 
is occluded. Lynn, Bergh and Spink® 
had ])rc\'iously arrived at a similar con- 
clusion regarding the action of sulfanila- 
mide, sulfathiazole and srdfadiazine in 
the dog. 

The evidence as to the clinical useful- 
ness of these agents, although infrequent, 
is rather eonfusing. Cleveland,® reporting 
a case in which he belie\’ed that sulfanila- 
mide was instrumental in curing cholan- 
gitis following choledochoduodenostomy, 
stated that the drug was indicated in treat- 
ment of damage to the liver associated 
with cholangitis. Mancke, Plotner and 
Siede® reported that they successfully 
treated 6 patients who had acute cholan- 
gitis by the use of prontosil either orally 


* Estimations of sulfathiazole in bile were made in the Division of Biochemistry under the supervision 
of Dr. M. H. Power. 
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or parenterally administered. The dose 
was small, only 0.6 gm., 3 times a day. 
They noted, however, that there was no 
improvement in cases of chronic cholangi- 
tis. Rehfuss^^ stated that suKonamides 
should be used in treatment of acute 
hepatitis and acute disease of tlie biliary 
tract, with the reservation that “when 
there is severe damage or mechanical 
obstruction, we can only hope to control 
temporarily the infection of the ducts in 
this way.” Morrison reported that he 
was able to sterilize the biliary tracts of 
all patients who had streptococcal infec- 
tion, but be did not name the associated 
condition in the biliary tree;'^ however, 
at a later date he added “provided there 
was no cystic duct obstruction in the dog 
or human. He was unable to cure pa- 
tients who were infected ndth Escherichia 
coli. Bazin^ reported the case of a carrier 
of Salmonella paratyphi in which treatment 
mth sulfanilamide was successful. 

Contrary to the foregoing favorable 
reports, Spink, Bergb and Jerrasta^® could 
find no effect from sulfanilamide or sulfa- 
pyridine in the treatment of 2 patients 
whose bile ducts were infected with E. coli. 
Peterson, Deutsch and Finland, although 
reporting favorably on the effect of sulfa- 
thiazole and sulfadiazine in treatment of 
acute hepatitis, noted only failure in 
3 cases of cholangitis. Lembcke’^ reported 
failure in treating a typhoid carrier. 

In general, when the sulfonamides were 
used in the treatment of infections of the 
biliary tract, any clinical improvement 
observed was attributed to the chemo- 
therapeutic agents. IMost often the occur- 
rence of natural remission in the disease 
was disregarded. It appears that the 
usual assumption was that since the drugs 
ivere excreted in the bile of the normal dog 
and man, they were very likely also ex- 
creted into the obstructed and infected 
biliary tree. 

The present investigation is reported in 
2 parts: (1) sulfathiazole in the gall blad- 
der; (2) sulfathiazole in hepatic bile. 

1. SULFATHI.\ZOLE IX THE GaLL BL-VDDER. 
Method of Study. Twenty-five patients 


scheduled for cholecystectomy were selected. 
At a definite interval before operation each 
patient was given 3 gm. of sulfathiazole 
orally. This was taken after fasting and 
no food was eaten after the drug was ad- 
ministered. The time elapsing between 
ingestion of the drug and performance of 
cholecystectomy was noted. The level of 
sulfathiazole in the bile removed from the 
gaU bladder was determined by the method 
described by Carr 3 '-er and Osterberg.'' Only 
the level of free sulfathiazole was deter- 
mined. Notes w'ere made as to the presence 
and position of stones in the gall bladder at 
the time of operation. The condition of the 
liver and biliary tree, as well as the function 
of the gall bladder as determined by the 
Graham-Cole test, were recorded. 

Results, (Table 1.) Seven patients 
had non-functioning gall bladders which 
contained stones. The time intervals be- 
tween ingestion of sulfathiazole and deter- 
mination of its concentration in gall blad- 
der bile varied from 2| to 12 hours. In 
4 cases no drug was found in the contents 
of the gall bladder; the cystic duct was 
obstructed by a stone in eacli case, 2 gall 
bladders were reported as hydropic and 
1 showed microscopic evidence of acute 
inflammatory changes in the wall. The 
levels of sulfathiazole in the contents of 
the remaining 3 non-functioning gall blad- 
ders varied from 0.75 to 1 .8 mg. per 100 cc. ; 
the cystic ducts in these cases were patent. 

There were 15 patients whose function- 
ing gall bladders contained stones. The 
time elapsing from ingestion of sulfathia- 
zole to determination of its concentration 
in gall bladder bile varied from 2 to 14 
hours. In the gall bladder bile of 7 of 
these patients sulfathiazole was not found. 
In 6 of these 7 the cystic duct ivas ob- 
structed by a stone at the time of opera- 
tion; in the other patient, although the 
cystic duct was patent, drug was not 
found in bile from the gall bladder. This 
patient had marked obstructive jaundice; 
it is likely that no sulfathiazole was ex- 
creted by the liver. The findings in this 
case are explained in this report. The 
concentrations of drug in the bile of the 
remaining S patients who had functioning 
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fliill l)!iu!(li'rs wliicli contnim-d .stones viiried 
from 0.31 to 2,7 in),', per 100 ee, 

'riiree patients inid no stones in the )'all 
hladiier at the time of ojieration. Snlfa- 
tliife/.nle was not found in tlie hile of 1 pa- 
tient who had ohstrnetive janndiee at the 
time of ojieration; tlie concentrations of 
drop in the hile of tlie romaininp 2 patients 
were 0.85 and 1.1) mp. per 100 ce., and 
the time intervals 5 hours and 3 hours, 
resjiectively. 


jieatcd at definite interval.s, it is likely 
that hipher concentrations would Iiave 
heen attained. It cannot he stated with 
any deprcc of certainty cither that the 
(Imp is ahsorhed from the hnneii of the 
pall hladder or that it is preatly concen- 
trated in the pall hladder. The fact that 
snlfathiar.ole was jiresent as long as 13 
hours after oral administration at least 
siippests that it can remain in a non-con- 
tracting pal! hladfler for long intervals. 


T’Ani.K t. — CoNcr.sTU.\TH)N ni' S<'i.i atiii.\7.oi.i; in Gat.i, Ri.AiiDKn Itii.i; roi.i.owi.si: Ohm, 


.Apminikthation or C!m. 




ConcvntrntioH of 

’rimf nfli'r 


Tj’pc ot RnU bltulilrr 

fro** j'uifntinfvto’o 

incovlion 

Olixtriiction 

(mu. por ion ooj 

(lie*,) 

cystic rluct 

Xon-funrtioning (stones prc.scnt) . 

. . . 0 85 

21 

No 


0 

3 

Yes* 


0 

3 

Yes 


I. SO 

1 

No 


0 

10 

Vest 


0 

12 

Vest 


0.75 

12 

No 

Functioning (stones present) 

. . . 0.31 

o 

No 


0.94 

2 

No 


0 

25 

Yes 


0 

21 

Not 


0.70 

<> 

No 


0 

3 

Yci-* 


0 45 

31 

No 


1 SS 

5 

No 


0 

0 

Yes 


0 S5 

41 

Xo 


0 

10 

Yes 


0 

11 

Yes 


0.71 

12 

No 


2.70 

13 

No 


0 

14 

Yes 

No stones 

. . . l.CO 

3 

No 


0 85 

5 

No 


0 

14 

Not 


* Reported by pathologist as acute cholecystitis superimposed on chronic cholecystitis, 
t Reported by pathologist as hydropic, 
t Obstructive jaundice present. 

Comment. It appears that the most 
important factors concerned with the ap- 
pearance of sulfathiazole in the lumen of 
the gall bladder are the patency of the 
cystic duct and the ability of the liver to 
excrete the drug. In each case in which 
these factors were favorable the drug was 
recovered in bile from the gall bladder. 

IMiile the concentrations were low, vary- 
ing from 0.31 to 2.7 mg. per 100 cc. of bile, 
it must be remembered that only a single 
dose of 3 gm. was given orally. Had 
larger doses been given initially and re- 


in addition, since in most instances the 
amount of sulfathiazole present was less 
than 1 mg. per 100 cc. of bile, it is likely 
that little concentration of the drug took 
place in the gall bladder. 

It is also well to recall that in the 
2 cases in which acute inflammation was 
found in the wall of the gall bladder no 
sulfathiazole was present in the lumen 
when the cystic duct was obstructed. 
This suggests that acute inflammation does 
not alter the mode of entrance of the drug. 
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2. StJLFATHIAZOLE IN THE HepATIC BiLE. 
Method of Study. Ten patients who had 
undergone choledochostomy and insertion 
of a T tube were selected for study. Between 
the 4th and 7th days after operation each 
patient was given 3 gm. of sulfathiazole 
orally. This was given only in the absence 
of nausea and abdominal distention and 
when the patient was taking fluids well by 
mouth. Specimens of bile were collected 
from the T tubes at intervals of 2 to 6 or 
more hours. The concentration of 'sulfa- 


all studies of excretion were repeated at 
intervals for 2 weeks after operation in 
order to determine whether there was any 
change in the ability of the hver to excrete 
the drug. 

Results. (Table 2.) The cases ivere 
divided into 2 groups as determined by 
the ability or inability to excrete the drug 
as indicated by results of the initial tests. 

Group 1 . Five patients failed to excrete 
the drug at the time of initial stud3^ A 


Table 2.-^ Excretion of Sulfathiazole in Hepatic Bile After Ingestion of 3 Gm. or 
Intraperitonea L Administration of 5 Gm. 

Jaundice Liver function test* Preoperative serum 

(duration (suUobromophthalein) bilirubin Excretion of sulfathiazole 



present 



(me. per 100 cc.) 

/ 




attack , 


Postoperative 

. 



Mg. per 100 cc. 

Postoperative 

Case 

day.s) 

Grade 

daj’ 

Direct 

Indirect 

(maximum)+ 

day of test 

1 

0 

0 

Preop. 

0 


0 

3 



4 

4 

1.8 

0.5 

1.53$ 

9 



0 

9 

0 




2 

0 

1 

4 



0$ 

4 







1.29$ 

8 

3 

2 



11.0 

0.7 

o§ 








on 

5 







o.eon 

14 

4 

1 



9.0 

2 7 

o§ 








1 72$ 

14 

.'5 

7 

2 

3 

3 5 

0 5 

o§ 








0 ion 

0 

I) 

0 

2 

(> 



0.18$ 

5 







0.34$ 

7 

7 

3 

0 

14 

f) 3 

2 1 

0.4411 

3 







1 .50$ 

15 

s 

0 

3 

f) 



0.42$ 

3 







1.22$ 

9 

9 

0 



0 

0 S 

1.55$ 

4 







1.55$ 

10 

10 

0 

4 

0 



1.76$ 

4 



0 

7 






* Grades 1 to 4 (1 is least) retention; Grade 0 is normal, 
t Only the concentration of free drug was determined, 
t Normal serum bilirubin concentration when test was made. 
§ Intraperitoneal administration of drug. 

II Serum bilirubin falling when test was made. 


thiazole in the bile was determined by the 
method of Canyer and Osterberg. ’Vlflien 
jaundice was present, it was observed 
whether the jaundice was increasing or de- 
creasing as indicated bj"- the concentration 
of serum bilirubin. In most cases in which 
icteruswas not present a sulfobromophthalein 
test for hepatic function was performed. 
In several cases in which 5 gm. of .sulfathia- 
zole were left in the abdominal catuty at 
operation, the concentration of sulfathiazole 
in the bile was determined 2, 4. G and 
12 hours after oiieration. In a few cases 


short r&ume of the histories and pertinent 
laboratory studies is presented. 

Case 1. Several attacks of jaundice had 
occurred in preceding years, but none in 
the few months just before operation. All 
laboratorj’ work, including a sulfobromo- 
phthalein test for hepatic function, gave 
negative results. At o])eration a gall blad- 
der filled with stones was removed. The 
coimnon duct was explored, \\niile no 
stones were found, the bile was thick and 
inspissated. On the 3rd postoperative day 
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(clay of operation is taken ns the Ist) tiio 
])atient. failed to excrete sulfatliinzole diirinR 
a G hour period. A test for hepatic function 
performed on the 4th day showed retention 
of dye, Grade 4 (in whicli Grade 1 is least 
and Grade 4 most .severe), 'fhe value for 
.serum bilirubin at tlii.s time wa.s 1.8 niR. 
per 100 cc. direct and O.o mg. indirect. 
Tlie pafient’.s course nva.s uneventful; on 
the flth postoperative day the patient ex- 
creted a maximum of l.oS mg. of snlfathin- 
zolc per 100 ce. of bile and a tc.st for hepatic 
function gave negative rcsult.s. 

We had expected tin's patient to excrete 
both test dye and sulfathiazolc on the 
4th and 3rd days, respectively; however, 
it appeared that either the ojreration or 
the anesthesia (nitrous oxide, oxygen, 
ether) or both had temiiorariiy further 
impaired a liver which already had little 
reserve function as a result of jrrevious 
icteric episodes. This impression is sup- 
ported by the fact that the results of a 
test for hepatic function made before 
operation were negative, but results of a 
similar test performed on the 4th post- 
operative day indicated retention, Grade 4. 
The patient quickly recovered her ability 
to excrete both the test dye and sulfa- 
thiazole. 

Case 2. Repeated attacks of pain in the 
upper part of the abdomen, associated with 
jaundice and fever on a few occasions, had 
occurred in the 2 j^ears before the patient’s 
registration at the i\fa 3 ’o Clinic. All pre- 
operative laboratoiy tests gaye negative 
results. At abdominal exploration no ab- 
normalitj' was found in either the gall 
bladder or bile ducts. Cholecystostomj'^ and 
choledochostomj’^ were performed. It was 
thought that the patient probablj' had had 
recurrent attacks of intrabepatic jaundice. 
On the 4th postoperative daj*^ the patient 
failed to excrete in the bile any sulfathiazole 
in a 24 hour period. A test for hepatic 
function revealed retention of dye, Grade 1. 
The concentration of serum bilirubin was 
normal. The patient had a chill on the 
5th postoperative day, her oral temperature 
rose to 102° F. and she complained of pain 
in the right upper quadrant of the abdomen 
similar to that e.xperienced on prernous 
occasions when she had been icteric. The 


symiiloms raj)idly subsided and no jaundice 
develojjcfl. On the Stli postopcmt'ivo day 
another sulfathiazole te.st revealed that the 
patient excreted 1.20 mg. per 100 cc. of bile 
in a 2 hour specimen. 

In Case 2, as in the j)rece(ling case, it 
appears that eitlier the operation or the 
anesthf.sia or both liad temporarily' further 
impaired the function of a liver which 
already liad little reserve. 

Case .3. Repeated attacks of biliagy colic 
had occurred for manj' years. IMiilc under- 
going study at the clinic, the patient had 
an attack of typical colic, followed by chills, 
oral temperature of 102° F. and jaundice. 
The value for scrum bilirubin 2 days before 
operation was 11 mg. per 100 cc. direct and 
0.7 mg. iinlircct. At operation the common 
bile duct was found to be grcatl.v dilated; 
a stone was impacted in the lower end. 
Cholccyatoctomy, clioicdocholithotomj’^ and 
cholcdochostomy were done. Five gm. of 
.sulfathiazole were left in the abdominal 
cavity. Specimens of bile collected in a 
period of G hours contained none of the drug. 
On the 3rd ))ostopcrative day the value for 
scrum bilirubin had decreased to 2.9 mg. 
per 100 cc. direct. The patient’s general 
condition was .satisfactory'. On the 5th po.st- 
operative day, following oral administration 
of 3 gm. of sulfathiazole, no drug was 
found in the bile; however, when the test 
was repeated on the 14th day’, a concentra- 
tion of 0.6 mg. per 100 cc. was found. 

This patient had active obstructive 
jaundice when the initial test was carried 
out. No sulfathiazole was excreted in 
bile at this time or on the 5th day'. How- 
er'er, after most of the jaundice liad dis- 
appeared, there was some excretion of the 
drug in the bile. 

Case 4. There was no previous history' of 
disease of the gall bladder. However, on 
the day' before operation the patient bad 
an attack of pain in the right upper quadrant 
of the abdomen, followed by' fever, jaundice 
and a rapidly' developing perforation of the 
gall bladder. The concentration of serum 
bilirubin the day of operation was 9 mg. 
per 100 cc. direct and 2.7 mg. indirect. At 
operation bilewas found free in the abdominal 
cax'ity. Cholecy'stectomy' and choledochos- 
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tomy were done. No stone was found in 
the common duct at the time; it was thought 
inadvisable to explore too long because of 
the patient’s poor condition. Five gm. of 
suKathiazole were left in the abdominal 
cavity. There was no excretion of the drug 
in the bile in the first 10 hours after opera- 
tion. The patient’s condition steadily im- 
proved and the concentration of serum 
bilirubin gradually returned to normal. On 
the 14th postoperative day a concentration 
of 1.72 mg. of sulfathiazole per 100 cc. of 
bile was found after oral administration of 
the drug. 

The same process as in Case 3 appears 
to have been active in Case 4. 

Case 5. Cholecystectomy and choledo- 
chohthotomy had been performed 1 year 
before the patient’s admission at the clinic. 
Because of the large size of the duct and a 
persistent filling defect observed in the cho- 
ledochogram, the T tube had been left in 
place for more than 3 months. The patient 
had been well following removal of the tube 
until a few days before readmission. At 
that time she experienced an attack of 
biliary colic followed by jaundice. The con- 
centration of serum bilirubin 2 days before 
operation was 3.5 mg. per 100 cc. direct and 
0.5 mg. indirect. At operation stones were 
not found in the common or hepatic ducts. 
The pancreas was normal. A T tube was 
left in the common duct. Three gm. of 
sulfathiazole had been given to the patient 
orall}'- 1 hour before operation. None of the 
drug was excreted in the bile for 6 hours 
after operation. The postoperative course 
was uneventful. A test for hepatic function 
performed on the 3rd postoperative day 
revealed retention of dye, Grade 2. The 
conceiitration of serum bilirubin at that 
time was 1.1 mg. per 100 cc. direct and 
0.9 mg. indirect. On the 6th postoperative 
day the patient excreted 0.19 mg. of sulfa- 
thiazole per 100 cc. of bile in a 3v hour 
specimen obtained after the ingestion of 
3 gm. of drug. 

Case 5 seems to fall into the same cate- 
gory as Cases 3 and 4. 

Grojtj) 2. Five patients excreted sulfa- 
thiazole in bile at the time initial tests 
were made. 


Case 6. Two attacks of jaundice had 
occurred, the most recent one a month pre- 
viousl3^ All preoperative studies gave nega- 
tive results. At operation stones were not 
found in the common bile duct or gall blad- 
der. The surgeon stated that hepatitis, 
Grade 2, was present. Cholecystectomy and 
choledochostomy were. done. On the 3rd 
postoperative day the patient excreted 0.18 
mg. of sulfathiazole per 100 cc. of bile in a 
6 hour specimen obtained after oral admin- 
istration of a dose of 3 gm. of drug. A test 
for hepatic function performed on the 5th 
postoperative day disclosed retention of di'^e, 
Grade 2. On the 7th postoperative day a 
concentration of 0.34 mg. of sulfathiazole 
per 100 cc. of bile was found on repetition of 
the test for excretion of drug. 

Although this patient excreted sulfa- 
thiazole on both occasions, the value was 
low. This is compatible with the existence 
of the hepatitis found by the surgeon and 
with impairment of hepatic function as 
sho^vn by results of the sulfobromophtha- 
lein test. It might very well have been 
that the previous attacks of jaundice were 
caused by hepatitis. 

Case 7. Attacks of colic in the right upper 
quadrant of the abdomen had occurred for 
1 year. There had been no jaundice until 
several days before operation, when the 
patient had had an attack of colic followed 
by jaundice. The concentration of .serum 
bilirubin the daj’- before operation was 
6.3 mg. per 100 cc. direct and 2.1 mg. 
indirect. At operation a carcinoma of the 
gall bladder which had invaded the liver 
was found. There were stones in the com- 
mon duct and gall bladder. Cholecystec- 
tomj% partial hepatectoni}’', choledocholith- 
otomj’- and choledochostomy were done. 
Following operation the value for serum 
bilirubin decreased to normal after the 1st 
week. Sulfathiazole was given oraUj’- on 
the 3rd postoperative day; as a result, 
0.44 mg. of drug per 100 cc. of bile was found 
in a 6 hour specimen. The stud}' was re- 
peated on the 15th day. At that time a 
concentration of 1.5 mg. per 100 cc. was 
reached. 

Case S.— Attacks of colic and jaundice 
had occurred 16 years and 1 year before 
admission at the clinic. There was no 
jaundice at the time of the present admis- 
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s\w\. At upcvivtion inv»Uij4c stones were 
found l)otI) in tlio eoninion bile d>ict and in 
tlie (tall liladdcr. A test for excretion of 
siilfatliiazolo i)erfonnnd on tlic 3rd post- 
operative day showed a concentration of 
().-12 nip:, of drnsi per 100 cc. of Iiile in a 
2 hour specimen. A test for Iic()utic func- 
tion made on tiie oth day disclosed reten- 
tion of dye, tirade 3. A tost for scrum 
biliniliin jxave nepative results. On the 
Oth day administration of sulfatliiazolc re- 
sulted in the excretion of 1.22 mp. of drup 
per 100 CO. of bile in a 0 hour .s])ecimen. 
The results of a tc.«t for hepatic function 
were reported ns nepative at that time. 

Cask 0 . After cholecystectomy had been 
(icrformcd, many years before, the jiatient 
had had numerous attacks of colic, but no 
jaundice at any time. The preoperative 
concentration of scrum bilirubin was nor- 
mal. At operation many stones were found 
in the common duct. The duct was mark- 
edly dilated. A test for excretion of sulfa- 
thiazole made on the 4th day showed that 
1.55 mp. of drup per 100 cc. of bile, were 
excreted during a period of 0 hours. A 
similar test made on the lOth daj' gave 
.similar results. 

Case 10. A history of jaundice and colic 
was elicited. At operation stones were not 
found in the common bile duct but many 
were found in the gall bladder. Cholecj'.s- 
tectomy and choledochostonw were done. 
A test for excretion of sulfatliiazolc per- 
formed on the 5th postoperative day showed 
a value of 1.76 mg. of drug per 100 cc. of 
bile in a 4 hour specimen. A test for hepatic 
function made on the same day revealed 
retention of dye. Grade 4, but a similar 
test made 2 days later showed no retention. 

Comments. Three of the 5 patients who 
excreted no sulfathiazole in bile when the 
initial study was made had obstructive 
jaundice which was either stationary or 
was not subsiding rapidly at the time of 
operation. AMien the jaundice started to 
subside after operation, sulfathiazole in 
greater or lesser amounts was found in 
the bile. Two patients who failed to 
excrete the drug did not have jaundice 
at the time of operation; however, the 
drug was excreted in large amounts 8 
and 9 days later, respectively. It is sug- 
gested that the damage incidental to 


unesthesia and operative manipulation 
wins probaiily .sudicient in tiicsc 2 cases 
to iinjiair hepatic function. 

Tlie reinniniiig .5 patients excreted vari- 
able amounts of the drug, as indicated by 
the results of initial tests. Only 1 patient 
(Case 7) was icteric at the time of opera- 
tion and the icterus appeared to be siili- 
siding. One patient (Ca.se 6) who was 
thought to have hepatitis, confirmed Iiy 
the occurrence of retention of dye. Grade 2, 
a.s sliomi by tests made 3 and 7 days post- 
operativel.v, failed to excrete more than 
0..34 mg. of firiig per 100 cc. of bile. 
Tlie.se concentrations were definitely low. 
Four patients (Ca.ses 7, S, 9 and 10) eacli 
secreted more than 1 mg. of sulfathiazole 
per 100 cc. of bile in either initial or sub- 
sequent tests. Two patients (Cases 9 
and 10) who did not have jaundice and 
whose tests for hepatic function gave 
negative results excreted, respectively, 
1.55 mg. of sulfathiazole per 100 cc. of 
bile and 1.7C mg. at the time of initial 
e.xamination. 

From this study it appears that either 
active obstruction of the bile ducts or 
hepatic damage may hinder or prevent 
excretion of sulfathiazole in bile. IVhen 
either is marked, none of the drug is e.x- 
creted. However, as obstruction is over- 
come and hepatic function returns, as it 
will if damage is not great, more and more 
of the drug is excreted by the liver. 

Clinical Importance. It is apparent 
that the cystic duct must be patent for 
sulfathiazole to reach the lumen of tlie gall 
bladder. Alorrison observed the impor- 
tance of this factor in treating infections 
of the gall bladder in both the lower ani- 
mal and man. The roentgenologic findings 
as to the function of the gall bladder can- 
not be relied on to reveal whether the duct 
is patent at the time treatment is given, 
since a gall bladder which contains stones , 
may become obstructed at any time. It 
follows, then, that any chemotherapeutic 
approach to treatment of chronic disease 
of the gall bladder is at best uncertain. 
In treatment of acute obstructive chole- 
cystitis we can state more definitely that 
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the drug most likely would be of no local 
value. 

Since sulfathiazole is not excreted in 
the bile during active obstruction of the 
biliary ducts, it is difficult to see how this 
drug can be effective in the treatment of 
cholangitis associated with obstructive 
jaundice. We seriously question the good 
results attributed to the drug under such 
circumstances. Rather, it would seem 
that the infection subsides spontaneously. 
The drug likely may prove of value in 
preventing spread of infection to the par- 
enchyma of the liver. For sulfathiazole 
to be effective, a free flow of bile must 
be established either by external or inter- 
nal drainage and the liver must not be 
so seriously damaged that it cannot excrete 
the drug. 

"iVhile this study Avas concerned only 
with the excretion of sulfathiazole, a few 
preliminary studies in which sulfanilamide 
and sulfadiazine Avere used have shoAvn 
similar results. 

Summary and Conclusions. Concern- 
ing Sulfathiazole in the Gall Blad- 
der. 1. Following oral administration of 
3 gm. of sulfathiazole: 

(a) No drug Avas found in bile from the 
gall bladder Avhen the cystic duct Avas 
obstructed. 

(b) The drug Avas present in bile from 
the gall bladder Avhen the cystic duct Avas 


patent and Avhen the liA'^er excreted it 
normally. 

2. Sulfathiazole is likely to be of no 
A'^alue in the treatment of patients aa'Iio 
have acute obstructive cholecystitis. 

3. The usefulness of sulfathiazole in 
treatment of any given patient Avho has 
chronic cholecystitis AA'ith stones is un- 
certain. 

4. Acute inflammation of the gall blad- 
der does not alter the mode of entrance of 
the drug to its lumen. 

Concerning Sulfathiazole in Hepa- 
tic Bile. 1. After oral ingestion of 3 gm. 
of sulfathiazole or intraperitoneal admin- 
istration of 5 gm., the drug is excreted in 
the hepatic bile of normal patients. 

2. In the presence of obstructiA'^e jaun- 
dice the ability of the liver to excrete the 
drug is impaired. 

3. The greater the degree of hepatic 
damage the less is the amount of drug 
excreted in the bile. 

4. As the concentration of serum biliru- 
bin approaches normal, more sulfathiazole 
is excreted in bile. 

5. Sulfathiazole is likely to prove of no 
value in treatment of patients who haA'e 
acute obstructiA’^e jaundice with cholan- 
gitis. 

6. Free drainage of bile must be estab- 
lished if the drug is to be active. 
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APaiSTANT IN' UIIOT.OGY 
NKW YORK. NKW YORK 

(From liie New York Post-Gradual c Hospital) 


Rkxkwkd interest luis recently been 
stiimiliitcd in the study of Reiter’s syn- 
drome, a disease entity of unknown etiol- 
ogy whose cliissical manifestations arc the 
triad of urethritis, arthritis and conjunc- 
tivitis. Since Reiter’s original descriptive 
communication in 191G, less than SO ad- 
ditional cases in 29 articles have been 
reported. These have appeared mainly 
in recent years from medical stall's of 
military installations where there Avere 
accumulations of large groujjs of young 
men A\-hose age is apparently propitious 
to the disease. 

Although the paucity of literature and 
general incognizance of the condition sug- 
gest the rarity of the syndrome, the ob- 
servation of 12 cases in 2 years by a single 
observer refutes this contention and indi- 
cates the necessity for further awareness 
of the disease in diagnostic considerations. 
The propensity for exaggerated symptoms 
inA'oKdng in 1 case 1 bodily system and 
in another a second, often simidating a 
diA’ersity of other diseases, has obscured 
the diagnosis. Yet, since clinical inac- 
curacies engender misleading implications 
of therapy and prognosis, prompt recogni- 
tion is important. 

Historical. Attention was first called 
to the singular character of the disease 
by ReiteP” in Germany during the first 
World War. He obseri^ed a soldier who, 
initially complaining of diarrhea, subse- 
quently dcA^eloped polyartliritis, purulent 
urethritis, conjunctiAutis, mild cystitis and 
pustular lesions oA^er the hips. Unable to 
ascribe specific cause to ^16 complex and 
procuring no therapeutic success Avith the 
agents available to him, Reiter conceded 
of the sjmdrome as a new entity. Shortly 
thereafter 2 independent reports were 
made by Fiessinger® in France, and 
Macfie® in Africa. 


.‘Mthougli sporadic reference to this 
curious fli.scnse continued in the foreign 
literature, the first American description 
ajipcared in 1912, Avhen Bauer and Engle- 
man’ reported a scries of (1 cases. In 1944, 
LcA'er and CraAvford” contributed 2 more 
cases emphasizing the dire dermatologic 
comjilications that may result. Rosen- 
bluin*' in 1945 rcvicAvcd 10 cases observed 
by Iiim in a Naval Hospital. .‘\t the same 
time Hollander" and a group of investi- 
gators at an Army Medical Center re- 
ported a scries of cases jiresenting a type 
of artliritis Aviucii they believed to be spe- 
cific only for Reiter’s syndrome. Colby 
and Sargent,*- in separate publications, 
liaA'e more recently rei'ealed thesei'erity 
of complications invohdng the urinary 
tract. It is doubtful, hoAvever, Avhether 
in all these cases the patients actually had 
Reiter’s disease, since in some the triad 
Avas not complete and in others the bae- 
teriologic studies Avero not sufficient to 
exclude tiie possibility of a gonococcic 
infection. 

Tile 12 cases selected in this series AA’ere 
those in AA’hich indisputable diagnosis 
could be made. In every instance the 
requisite specifications of the triad were 
met and meticulous clinical and labora- 
tory study was performed to exclude all 
other clinical possibilities. So-called atyp- 
ical cases are not recorded. 

Clinical Picture in 12 Cases. The 
12 patients observed Avere males betAA-een 
the ages of 19 and 34. All reported the 
illness as the initial episode and such 
follow-up studies as have been possible 
fail to disclose recurrence. Only 1 patient 
gave a family history of joint disease. 
PreAuous episodes of gonorrhea were es- 
tablished in 6 cases, only 1 of AA'hich, 
however, preceded the onset of Reiter’s 
disease by less than 6 months. History 
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of non-specific urethritis was recorded by 
2 patients; in both instances no complica- 
tions had ensued and symptoms had sub- 
sided promptly. In 1 case recurrent at- 
tacks of conjunctivitis without other 
manifestations were noted for 2 years 
prior to the syndrome. 

The initial symptom in 9 cases was 
urethritis. Conjunctivitis occurred simul- 
taneously with urethral discharge in 1 pa- 
tient and mild diarrhea heralded the onset 
of disease in another. In only 1 instance 
did the arthritis appear in precedence to 
the other signs. The time required for 
the complete syndrome to develop varied 
from 2 to 30 daj^s; usually the clinical 
picture was complete within the first 
10 days of illness. 

The urethral discharge usually began as 
a glairy mucoid exudate which later be- 
came frankly purulent. Repeated smears 
and cultures were negative for gonococci in 
every case and at no time could any 
specific organism be isolated. The urethri- 
tis, in most instances, cleared up in less 
than 2 weeks, but in several cases per- 
sisted as long as 6 weeks. Remission of 
the discharge with subsequent recurrence 
was observed in 4 patients. Dysuria and 
frequency accompanied the urethritis in 
50% of the cases, while the rest showed 
asj’^mptomatic discharge. Three patients 
developed subsequent prostatitis and 1 
severe hemorrhagic cystitis. In no case 
in this series was involvement of the upper 
urinary tract observed. Circinate lesions 
of the penis developed in 3 cases. Super- 
ficial ulceration of the glans in 1 patient 
progressed into severe balanoposthitis, but 
in others the balanitis regressed sponta- 
neously within a week. Only 1 patient 
demonstrated skin lesions suggestive of 
keratodermia blennorrhagica. In this case 
a keratotic eruption appeared on the dor- 
sal surfaces of both hands followed by a ’ 
herpetiform rash on the palmar surfaces 
of the feet. The vesicles on the right foot 
enlarged, coalesced and ruptured, provok- 
ing a shallow ulcer. Later a lij'perkera- 
totic lesion developed on the tip of the 
right third toe. 


Purulent conjunctivitis was present in 
every case and in all but 1 its appearance 
preceded the onset of arthritis. Generally, 
the conjunctivitis was of mild or moderate 
severity with hyperemia, edema and yel- 
low mucopurulent discharge. Superficial 
keratitis was observed in 1 patient. Usu- 
ally the severe inflammatory reaction sub- 
sided in 3 or 4 days, but in 1 ease persisted 
for 2 weeks. Conjunctival scrapings were 
consistently negative for inclusion bodies. 
Cultures of the discharge were either sterile 
or showed growth of Staph, albus. 

The cardinal feature of the sjmdrome in 
every case was the arthritic phase. In- 
variably there was a sudden elevation of 
temperature accompanied by an acute 
onset of severe to moderate joint pain. 
The affected joints were red, hot, swollen 
and tender. Although in 2 cases only a 
single joint was involved, generallj’’ the 
arthritis was polyarticular and of a 
migratory type simulating acute rheu- 
matic arthritis. Most commonl 5 ’' the 
knees and ankles were affected. Less 
frequently involved were the wrists, hips 
and interphalangeal finger joints. In 1 
unusual case the temporomandibular joint 
was acutely inflamed. Hydroarthrosis of 
the knee was present in 6 cases. Roent- 
genographic studies of the affected joints 
ordinarily re^'eaIed only e\'idence of soft 
tissue swelling and the presence of joint 
fluid. In 2 cases suggestive osteoporosis 
of the bone ends appeared, although this 
was not clearly defined. Joint aspirations, 
carried out in 5 cases, revealed serous 
fluid with low protein content, 10,000 to 
20,000 white cells per c.mm. with a pre- 
ponderance of polymorphonuclear cells. 
Cultures of syno\dal fluid were persistently 
sterile. 

Supplementary laboratory examinations 
in this survey corresponded more or less 
to the studies in previous reports. Sero- 
logic reactions of the blood were negative 
in every instance. Electrocardiographic 
tracings were insignificant in 5 studies. 
During the acute phase of the illness, leu- 
kocytosis ranging from 10,000 to 22,000 
per c.mm. was found and a coincidental ' 
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elevation of the .se(liine7itation nite wjis 
observed. Blood enltiire.s in 2 piitienl.s 
yielded no growth. ]3eeanse of it.s unreli- 
ability, the complement fixation test for 
gonorrhea was not employed, althongh in 
every ease cidtnrcs for Neisserian organ- 
isms were taken of the cxndates from the 
conjunctivti and urethra and, where po.s- 
siblc, of joint flnid. Urine cnltnres were 
done on all patients, only .'3 of whieh were 
positive; 2 for >S7np/i. a/hu.s and 1 for E. coli. 
Pyuria was present in every ease at the 
outset, but cleared up in at least half the 
cases before the disease terminated. No 
animal inoculations were done. 

The clinical course of the syndrome 
appeared to follow a fairly constant pat- 
tern. Generally the essential triad was 
complete within 1 month and the acute 
phase would reach its zenith in G to S 
weeks. Temperature elevations were not 
pronounced and usually of short duration; 
in no case accompanied by chill. Follow- 
ing the acute stage, in most cases, involved 
joints remained swollen, stiff and painful. 
In only 2 cases was there exacerbation of 
the acute inflammatory process after Initial 
remission. Total duration of symptoms 
is presumably subject to considerable 
variation; entirely accurate follow-up in 
every case has not been possible. In no 
case, however, was a patient fully recov- 
ered in less than 3 months, and 3 patients 
were still hospitalized after 4 months of 
illness. 

Comment. This curious syndrome with 
its standard pattern and its variegated 
clinical complications presents an etiologic 
problem. Although a variety of causatii'e 
agents have been suggested, conclusive 
evidence is lacking to substantiate the 
position of any as the responsible factor. 
Several investigators have proposed dys- 
entery organisms, others streptococci and 
coliform organisms, and Reiter himself, 
an atypical spirochete. Recently Dienes 
and Smith'* isolated a pleuropneumonia- 
like organism which is apparently asso- 
ciated with genito-urinary infections and 
may have significant relationship to* the 


Reiter complex. Such bacteria, however, 
were not discovered in our eases. 

This disease would seem to be confined 
to young men, although 1 dubious case in 
a feimde was described i)y Lever and 
Crawford.® Epidemiology remains ob- 
scure, and the present consensus rejects 
tljc notions of contagion or mitritionaJ 
deficiency. In a consideration of geo- 
graphic distribution, Vallee’® finds that 
cases have been reported from western 
luiropc, the United States, and the Pacific 
Islands. 

Pathologic examination of the synovia 
of the involved joints has been carried 
out in only 3 cases. Hollander" and his 
associates, who performed arthrotomy and 
biopsy in 1 patient, report that the svmo- 
xnal membrane was congested and pre- 
sented a reddisli purple appearance. No 
gross thickening was observed, but sev- 
eral areas of white fibrinous material were 
present on the surface of the sj-novial 
membrane. Microscopic examination re- 
vealed a severe inflammatory reaction 
which was limited to the superficial syno- 
\dal layers. Their report says the syno\’ial 
membrane was thrown into large club- 
like projections in which abundant capil- 
laries were dilated. Each projection was 
distended by a hea^'y lymphocyte infil- 
trate mixed with a few plasma cells and 
neutrophils. There was no evidence of 
exudate. The intima was found to be 
several cells deep. There were no new 
capillaries and the marked hyperemia con- 
sisted of dilatation of the preexisting 
capillaries. These findings corroborate 
the pathologic changes observed in earlier 
reports by Bauer and Engleman,* and by 
Wepler.*'* 

Specific therapy for Reiter’s sjmdrome 
is unknown. Penicillin, sulfonamides, 
arsenicals, salicylates and fever therapj" 
have all been recently employed. The 
great variety of medications tried indicates 
the inefficiency of each. Effective thera- 
peutic efforts have thus far been limited 
only to analgesics and palliative measures 
directed at symptomatic relief. 

Despite the unavailability of definite 
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treatment^ prognosis in general is good. 
No death directly ascribable to the disease 
has been reported. Although recurrences 
of the syndrome are known to occur 
months and even years after the original 
episode, each attack is generally self- 
limited in its course without residual struc- 
tural or functional disorder of the affected 
systems. In rare instances permanent 
articular and ocular damage has been re- 
ported. Complicating skin lesions are 
uncommon and invariably are character- 
istic of keratosis blennorrhagica. Urologic 
complications are usually of a mild tran- 
sient nature. 

Diagnostic accuracy demands differenti- 
ation of Reiter’s syndrome from gonorrhea. 
Clinically the gonorrheal syndrome pre- 
sents a more severe reaction with chills 
and high fever. It frequently causes per- 
manent Joint damage, but usually responds 
to chemotherapy. Nevertheless, the only 


indisputable evidence in differential diag- 
nosis is determined by meticulous bacterio- 
logic studies, since in Reiter’s disease gono- 
cocci are never found. 

Summary. 1. Reiter’s syndrome is an 
unusual disease encountered in young 
males characterized by urethritis, con- 
junctivitis and migratory arthritis. Skin 
lesions are occasionally noted; these appear 
as either keratosis blennorrhagica or balan- 
itis circinata. 

2. The etiology of the disease is obscure. 
No definitive therapy is available. 

3. The course of the disease is self- 
limited, never terminating, however, in 
less than 3 months. Recurrences are not 
unusual and may occur years after the 
initial episode. 

4. The disease is perhaps not as rare as 
has been supposed, since the 12 cases here 
presented were seen in 2 years by a single 
observer. 
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A STUDY OF HEPATIC FUNCTION IN ACQUIRED MALARIA* 
By Lieut.-Coe. Loihs A. Schxeider, I\'LC., A.U.S.f 

AND 

Col. Paul L. Shallenreuger, M.C., A.U.S. 

CmCAOO, ILI.INOIB 

(From the L.'ibomtory Service nnci tlio Medical Service, Gardiner General Hospital) 


Experienced medical men have long 
noted the apparent transitory hepatitis 
that so frequently is a.ssociated tvith ac- 
quired malaria. Many le.vts designate a 
"malarial hepatitis” as a complication to 
be carefully observed. The term "malarial 
hepatitis” may be confusing, but the 
hepatic dysfunction it describes is erddent 
to the physician. 

Our study originated in a general hospi- 
tal early in 1943 because we were impressed 
by the frequent occurrence of abnormal 
liver function tests in malarial cases. A 
search of the literature at that time failed 
to reveal much concrete evidence sub- 
stantiating such a clinical occurrence. 
Most texts of tropical medicine discuss 
this phase of malaria from a clinical point 
of view only. During the progress of this 
study several publications bearing on this 
problem have occurred. Kopp and Solo- 
mon® in January 1943, in studying induced 
malaria, concluded that a transitory effect 
of diminished hepatic function occurred in 
9 patients they observed. Mirsky, '\'^on 
Brecht and Williams'* in January 1944 
reported a study of 10 patients with ac- 
quired malaria and the relationship of 
serology to cephalin flocculation and con- 
cluded that the Kahns were negative and 
the Hanger tests positive in the absence 
of therapy. 

Kern and Norris® in November 1944 
studied 100 proven P. vimx and P. falci- 
paruvi cases. They concluded; "The 
outstanding fact to which attention is 
directed in this report is that demonstrable 
involvement of the liver occurs in the 
majority of all cases of malaria and in all 
stages of the disease, including the earliest 


acute attack. Furthermore, the incidence 
is far greater than is commonly realized.” 

Fredericks and Hoffbauer* in June 194.5 
studied 31 cases of induced malaria in 
syphilitics and found an increase in serum 
bilirubin during or after therapy in 14 of 
31 cases. There was an increase in the 
urinary excretion of urobilinogen in 12 
of 13 cases tested. There was a positive 
Hanger test and a retention of brom- 
sulphalein in all cases tested. 

Read, Kaplan, Becker and Boyd,® in 
reporting on 300 cases of neurosyphilis 
treated with therapeutic malaria, dis- 
cussed the occurrence of malarial hepatitis 
and pointed out that this complication in 
mosquito-inoculated cases attests, at least 
in .some instances, to a more specific to.xic 
efl'ect of malaria on the liver than merely 
by the accidental transmission of an 
hepatotoxic agent with a blood inoculation. 

The laboratory tests reported here rep- 
resent a careful evaluation in about 250 
cases studied in 1943 .and 1944. The 
observations have been repeatedly spot 
checked since that time both in this coun- 
try and in New Guinea and the Philippines 
representing several thousand cases. He 
believe they accurately represent the pic- 
ture during the acute phase of infection 
studied. 

Methods. Cases were selected carefully 
to include nothing but Plasmodium vivax 
parasitemia. All cases had smears of periph- 
eral blood examined on entrance to the 
hospital. As soon as the parasites were 
demonstrated, therapj’ with quinacrine hj’- 
drochloride was started. Schedules were 
arranged so that when the patient became 
afebrile the liver function tests were im- 


* The bromsulphalein used in this study was supplied through the courtesy of Hynson, tVestcott & 
Dunning. 

t Present address, IIH Park Ave., New York City 2S. 
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mediately done. Usually this occurred 
within 2 or 3 days of hospital entrance. 
Atabrine was prescribed as follows; 2 tab- 
lets (3 gr.) every 6 hours for 5 doses, 
then 1 tablet t.i.d. for 5 daj^s. All of the 
function tests were done while atabrine was 
being given for demonstrated parasitemia. 
All cases of clinical hver disease such as 
epidemic hepatitis, amebic hepatitis, cirrho- 
sis, etc., were eliminated from the series. 
The laboratorj’^ tests AVere done by the same 
personnel under the same conditions. All 
abnormal tests w'ere rechecked as soon as 
practical. 


mal was taken to be, for cholesterol, 150 to 
250 mg. per 100 cc. serum and for the esters 
50 to 70% of the total. Hippuric acid (oral 
method of Quick, p. 76) was regarded normal 
at ,3 to 6 gm. Prothrombin time, determined 
after the method of Page and Russel (/. Lab. 
and Clm. Med., 26, 1366, 1941), was regarded 
normal up to 23 seconds. 

One hundred patients had a series of 
liver function tests which included the 
cephalin cholesterol flocculation test, pro- 
thrombin time, bromsulphalein, icteric 
index, hippuric acid, total protein, albu- 


Table 1. — 

Comparison op 

Liver Function 

Tests in 

2 Different Groups of 

Patients 


Group 1 

Group 2 






— — 

^ 

, 

Total 

Average 


Fraction 

%. 

Fraction 

% 

fraction 

% 

Test 

(Fig. 1) 

positive 

(Fig. 2) 

positive 

(all cases) 

positive 

Bromsulphalein 

. . 16/100 

16 

25/80 

31 

41/180 

23 

Icteric index 

. . . 31/100 

31 

26/84 

31 

57/184 

31 

Hippuric acid 

. . . 38/100 

38 

39/98 

40 

77/198 

39 

Prothrombin 

, . . 30/100 

30 

27/84 

32 

57/184 

31 


In the fraction under each column the numerator represents the number of abnormal tests and the 
denominator the total tests done. 


Table 2.— Correlation of Positive Reactions for Each Test With the Positive 

Reactions Given bt All Other Tests 



A 

B 

C 

D 

E 

F 

No other 
positive 

A— pos. Hanger 

64 

23/36 

9/14 

21/33 

24/37 5 

14/22 

11/17 

B — pos. prothrombin . 

23/77 

30 

5/17 

12/40 

10/33 

4/13 

1/3 

C— pos. bromsulphalein 

10/62 5 

5/31 

16 

9/56 

7/44 

3/19 

1/6 

D — pos. icteric index 

21/68 

12/39 

8/26 

31 

9/29 

6/19 

2/6 

E — pos. hippuric acid . 

24/63 

10/26 

6/16 

9/24 

38 

8/21 

6/16 

F— pos. protein 

14/61 

4/17 

3/13 

6/26 

S/35 

23 

3/13 


Numerator of fraction denotes number, denominator denotes percentage, of positive reactions of test 
indicated by letter at head of column. 


The methods used in this study (except 
for prothrombin time) may all be found in 
Simmons & Gentzkotv.” Pages are noted in 
parentheses for each specific test. For total 
protein (method of Army kledical School, 
page 221) the normal range was taken to be 
5.3 to 8.5 gm. per 100 cc. of serum; for 
globulin, 1.3 to 3 gm. per 100 cc. serum and 
the normal A/G ratio Avas taken to be 1.3 
to 2.5 to 1. Cephalin-cholesterol floccula- 
tion, done after the method of Hanger 
(p. 77), AA’as regarded as normal up to 2-f ; 
icteric index (method of Aleulengracht and 
Bernheim, p. 213) normal up to 11; brom- 
sulphalcin (5 mg. per kg. intraA'enously, 
p. 73) normal up to 6% retention. For chol- 
esterol and cholesterol esters (method of 
Schoenheimer and SperrA’. n. 211), the nor- 


min, globulin and A/G ratio. For the 
sake of simplicity all of the protein tests 
haA'e been gathered into 1 group so that 
Ave may consider each patient to have had 
6 different tests. 

Figure 1 is a summary of all the tests 
in this group and their relationship to 
each other. It might be pointed out that 
about one-third of all patients tested 
showed 3 tests abnormal and about tAvo- 
thirds shoAved 2 or more abnormal tests. 

A variable number of patients not 
included in Figure 1 had other tests in 
addition to the aboA'e, or the same tests, 
that can be used as a check on the ei'alua- 
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Fig. l. -C()Mi'AnATivE Results in Patients opGiioup I. 

7. OF 
PATIENTS 
TESTED 



BfiOMSULPH. ICTERIC HIPPURIC PROTHROM- CHOLESTEROL CHOLESTEROL 
ALEItl INDEX ACID BIMTIME ESTERS 


Fig. 2. — ComparatjA-e results in patients of Group 2. In the fraction under each column the numera- 
tor represents the number of abnormal tests and the denominator the total tests done, i. e., bromsulpha- 
lein, 80 tests performed of ivhich 25 were abnormal. 
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tion of these 100 cases. These are shown 
in Figure 2. 

It can be seen from Table 1 that the 
comparison between the 2 groups was 
nearly identical except for the brom- 
sulphalein. We have no obvious explana- 
tion for this variant. 

An additional 112 patients were exam- 
ined under the same conditions for 
cholesterol — cholesterol esters; of these, 
28 (25 %) showed an increase in total 
cholesterol, 13 (12%) a decrease in total 
cholesterol, 9 (8%) an increase in choles- 
terol esters and 7 (6%) a decrease in 
cholesterol esters. 

In analyzing the results, it is of interest 
to note that about three-fourths of the 
positive tests were correspondingly match- 
ed by other positive tests as demonstrated 
in Table 2. 

Summary. One hundred cases of acute 
acquired malaria under atabrine therapy 
received a series of liver function tests. 
In addition, another group of about 150 
patients were tested with random liver 
function tests and the results of both 
groups compared. 

Our personal observations in the United 
States, New Guinea and the Philippines, 
continuing these studies but not herein 


reported, have supported the conclusions 
of this report in every waJ^ 

Although long range follow-up studies 
were impossible, under our conditions, 
it is our clinical opinion that the hepatic 
dysfunction demonstrated is transitory. 
It rarely, if ever, leaves permanent liver 
damage with the possible exception of 
cases where previously diseased livers 
existed and in which extension of the 
process ma^'^ occur. This may result in 
more rapid development of the chronic 
cirrhotic liver occasionally seen from the 
tropics. 

Conclusions. 1. Approximately one- 
third of all acute acquired malaria cases 
under atabrine therapy are shown to 
have demonstrable hepatic d^'sfunction as 
evidenced by standard liver function tests. 

2. Less specific tests, such as the cepha- 
lin flocculation test, are positive (S-f- to 
4-T) in about two-thirds of the cases. 

3. None of the liver function tests used 
was accurate when used alone as an index 
of hepatic dysfunction. 

4. A significant number of clinical cases 
of acquired benign tertian malaria under 
atabrine therapy show definite evidence 
of hepatic dysfunction. 
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It is now generally accepted that protein 
depletion renders the liver more susceptible 
to damage by hepatoxic agents and that 
methionine and cystine are the specific 
prote'n factors which will protect suscep- 
tible animals.’''®'*'*’*®-'*’''" The mechanism 
of this protective action is not clear, but 
it has been shown that the liver of protein 
depleted dogs is not only depleted of pro- 
tein but is relatively more deficient in 
sulfur (S) than nitrogen (N) (increase in 
N/S), and that this ratio is restored toward 
normal by methionine or ej’stine.*^ This 
protective action is probaljly independent 
of the lipotropic action of methionine 
because choline alone has been found with- 
out protective effect against chloroform 
liver damage in dogs*'* and rats.® How- 
ever, a simultaneous choline deficiency 
with fatty liver unquestionably renders 
the liver even more susceptible to damage. 

It is knoum that a small supplement of 
methionine or cystine will spare the N of 
body protein stores in dogs on a very low 
protein diet*® or greatly increase the bio- 
logic value of diets quantitatively or quali- 
tatively,*® inadequate in protein. But it 
is not generallj^ recognized that the N 
sparing effect of a methionine supplement 
becomes negligible when the casein con- 
tent is increased. 

Expecting protein depletion to result in 
unpaired liver function, we sought to study 
the effects of simple protein depletion and 
of methionine supplementation on hepatic 
function using a modification of the biliru- 
bin clearance test of Von Bergmann and 


Eilbott.®® At the same time because of 
controversial reports of the therapeutic 
value of methionine in liver injury and 
protein deficiency states, we have made 
some observations on the N sparing effect 
of methionine when added to diets of vary- 
ing protein content. 

Methods. The dogs observed in the ex- 
periments of Table 1 were healthy mongrels 
on (1) a diet of mixed table scraps (kennel 
diet) which maintains weight and keeps 
them in good condition; (2) a verj’- low pro- 
tein diet containing sucrose 72.2%, Crisco 
14.9%, Mazola oil 6.5%, cod-liver oil L4%, 
yeast powder (Fleischmann’s Type 200-B) 
*0.7 %, powdered liver extract (Lillj', H 8083) 
0.7%, "Vl'esson salt mixture 4.6%, calcium 
phosphate 4.6%. The diet was fed at a level 
to proHde 70 calories per kilo body weight 
daily and was supplemented with 400 mg. 
choline chloride and 25 mg. of nicotinic acid 
dai^J^ The dogs of Table 2 were maintained 
on the low protein, high fat diet of Hough 
and Freeman" which contains no choline 
except that which maj’^ be present in the 
3 'east used. 

The dogs of Table 3 were maintained on 
the verj’' low protein diet described above 
with replacement of an approxunafety iso- 
calorie portion of the diet bj' commercial 
casein in the indicated amounts. VTien 
the urinary IST excretion became fairl}'^ con- 
stant, the daily supplement of 1 gm. of dl- 
methionine was started. The bilirubin clear- 
ance of Tables 1 and 2 were carried out 
according to Von Bergmann and Eilbott 
with modifications.®® Bilirubin (Eastman 
Kodak) was given intravenously in solution 
prepared by dissolving 3 mg. of bilirubin 


* Now associated with the Department of Biochemistrjs Jefferson Medical College, Philadelphia,) 
Pennsylvania. 
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Table 1. — Bilirubin Clearance Unaffected by Protein Depletion 


Normal Dogs 




Plasma 

protein 

level 

Plasma 

bilirubin 

retention 

Dog No. 

Dietary regime 

(gm.%) 

(%) 

1 . , 

. 4 days 20 gm. casein daily after low 

5.20 

17.9 

2 . . 

protein diet 
. Salmon bread 

7.10 

16.7 

3 . . 

Kennel diet 

6.82 

16.8 

4 . . 

Kennel diet 

6.23 

14.1 

5 . . 

Kennel diet 

6.21 

22.4* 

G . . 

Kennel diet 


18.9 

7 

Kennel diet 

6.05 

22. 8t 

8 . , 

Kennel diet 

6.59 

20 0 

9 . . 

Kennel diet 

6 37 

15. 3t 

9 . . 

Kennel diet 

6 53 

26. 7J 

10 . . 

Beef liver 150 gm. per day plus low 

5 75 

19 4 

1 . . 

protein diet 

Protein Depleted Dogs 

10 day fast — 9 wk. non-protein diet 

4 70 

16.1 

3 , . 

7 day fast — 7 wk. non-protein diet 

4 84 

19.3 

7 . . 

4 day fast — 7 wk. non-protein diet 

5 05 

18 4 

9 . . 

10 day fast — 9 wk. non-protein diet 

4.67 

18.0 

11 . . 

7 day fast — 7 wk. non-protein diet 

4.23 

19.0 

12 . . 

4 day fast — 7 wk. non-protein diet 

4,94 

20.7 


* After 72 hours fast, 
t After 48 hours fast, 
i After 10 day fast. 


Table 2.~Bilirubin Clearance on Choline Deficient, Low Protein Diet 

Weeks on diet 



2 


4 

5.5 


0.5 


9 



P.P. 

Bll. 

P.P. Bil. 

P.P. 

Bil. 

P.P. 

Bil. 

P.P. 

Bil. 

Dog 

level 

ret. 

level ret. 

level 

ret. 

level 

ret. 

level 

ret. 

No. 

(gm. %) 

(%) 

(gm. %) (%) 

(gm. %) 

(%) 

(gm. %) 

(%) 

(gm. %) 

(%) 

3 . 

4 . 

. . 5.21 
. . 5 71 

19.8 

16 2 

4 93 30 2 

5 18 

37 2 

4 97 

45 0 

4 58 

33 4 

8 . 

9 . 

. . 5 44 
. . 5 61 

19.9 

32 4 


5 08 

35 8 

4 82 

32 4 

5 07 

46 7 


Table 3. — Nitrogen Sparing Action of dl-Methionine on High and on Low N Intake* 
Dog 12 (wt. 11.7 kilos) — high protein intake (12.7 gm. N per Periods 1 and 2; 13.6 gm. N per Period 3 
through 5) 


Period 48 hrs. 1 

2 

Basal diet 

3 

4 

5 

0 

T N urine S .18 

7''48 

-p dl-Methionine 

7 12 

7 43 

9.18 


% urea-NHs N 89 40 

90.00 

1 gm. daily 

92 20 

90 70 

89 40 


Dog. 12 (wt. 11.4 kilos) — moderate protein intake (3.46 gm. N per period) 




Period 48 hrs. 1 

2 

Basal diet 

3 

4 

5 

0 

T. N. urine 3 53 

3 27 

-f dl-Methionine 

2.09 

1 95 

1 .90 


% urea-NHa N 77.60 

76.80 

1 gm. daily 

63.00 

70.10 

63 90 


Dog. 12 (wt. 10.5 kilos) — verj' 

low protein intake (0.66 gm. N per period) 




Period 48 hrs. 1 

2 

Basal diet 

3 

4 

5 

6 

T N urine 2.29 

2.18 

+ dl-Methionine 

1 .51 

1.18 

1.29 

1 IS 

% urea-NHs N 75.10 

70 30 

1 gm. daily 

60.70 

61 .50 

52 00 

51 10 

Dog. 13 (ivt. 11.4 kilos) — high protein intake (14.1 to 14.2 gm. 

N per period) 



Period 48 hrs. 1 

2 

Basal diet 

3 

4 

5 

6 

T. N. urine ... 916 

9 42 

-h dl-Methionine 

9.60 

10.27 

10 78 

11 94 

% urea-NHs N 92 20 

94 20. 

1 gm. daily 

93 90 

88 SO 

92 70 

90 50 

Dog 13 (wt. 11.7 kilos) — moderate protein intake (3.98 gm. N per Period 1 and 2; 4.19 gm. N per Period 3 

through 6) 

Period 48 hrs. 1 

O 

Basal diet 

3 

4 

o 

G 

T N urine . . 3 S3 

3 52 

+ dl-AIethionine 

2 71 

2 06 

2.42 

2 45 

% urea-NHj N . . 78.70 

82.80 

1 gm. daily 

77.60 

72 30 

71 SO 

72 70 


* N intake does not include 0.19 gm. N per period from methionine N, 



so ]\riLUj;i{, itoGKns, 

per kilo body wciRkt in 20 to 30 cc. of 1% 
sodium carbonate solution. No untoward 
reactions were produced. After e.vactlj'- 5 
minutes and GO mimite.s iiad elapsed from 
the time of injection, samples of blood were 
drawn from the ojipositc external jugular 
vein and mixed with 1.4% .sodium o.xalate 
solution as anticoagulant. After centrifuga- 
tion, aliquots of the clear plasma were treat- 
ed according to the method of Malloy and 
Evelyn'^ for the determination of bilirubin. 
Color intensitj' was read in a Klett photo- 
electric coloi’imeter with a 54 filter. Lipemic 
or heiuolyzed samples of plasma wore re- 
jected. The bilirubin retention figures in 
Tables 1 and 2 reju-esent the jier cent of bili- 
rubin concentration present at GO minutes 
in comparison with the 5 minute A'alue as 
100 %. 

Plasma protein concentrations and total 
urinaiy nitrogen determinations were made 
by macro-Kjeldahl. Urea-ammonia nitro- 
gen was estimated by aeration and titration 
after urease treatment. 

Results and Discussion. There were 
only insignificant changes in bilirubin 
clearance in the dog with protein deple- 
tion resulting from 8 to 10 weeks mainte- 
nance on a very low protein diet presum- 
ably adequate in calories and rdtamins 
including choline (Table 1). In 2 unre- 
corded e.xperiments in such protein de- 
pleted dogs, the addition of methionine 
to the diet several days before and intra- 
venous injection immediately before the 
bilirubin clearance test failed to reduce 
the bilirubin clearance values below the 
normal values obtained without methio- 
nine. Furthermore in several animals, 
determination of prothrombin time by the 
method of Quick-® showed no measurable 
change resulting from protein depletion of 
this duration. In the protein depleted 
dog there is thus a striking disparity be- 
tween increased susceptibility to damage 
by hepatoxic agents and continued ability 
to clear the blood of bilirubin, or to form 
prothrombin. This is at variance with 
reports®'^^'*^'®^ claiming rapidly develop- 
ing impairment of liver function ndth pro- 
tein depletion. The composition of the 
diets used in these cited experiments was 
such that the impaired hepatic function 
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reported to result from protein depletion 
■per sc may indeed have been tlie result of 
choline clcficicney. In addition the dogs 
in many of tiiesc experiments rapidly 
became partially or almost totally ano- 
rexic and suffered large weight losses. The 
combined effects of protein deplet’on, cho- 
line fleficieucy and inanition cannot be 
ascribed solely to protein depletion. In 
fact, several of tlie animals cited in Table 1 
show that prolonged fasting alone may 
be associated with decreased clearance of 
bilirubin from the plasma. Table 2 shows 
how the complication of choline deficiency- 
resulting from the high fat, low protein 
diet of Hough and Freeman” produces 
early impairment of bilirubin clearance 
and indicates that choline deficiency is an 
added liability which may be superim- 
posed on and complicate simple protein 
deficiency. 

Current interest in the possible applica- 
tion of methionine and cystine to therapy 
has led to conflicting claims of its value. 
The best clinical results have been re- 
ported'-'* "- in the treatment of hepatic 
injury resulting from e.xposure to chemical 
poisons and in the therapy of cirrhosis of 
the liver. The value of methionine in the 
treatment of infectious hepatitis is diffi- 
cult to assess from reports*®"^"® in which 
treatment may have been started too late 
to be of decisive value, or in which methio- 
nine was superimposed on a diet already- 
containing considerable methionine in the 
form of dietary- protein. 

Table 3 contains evidence that a 
methionine supplement has little or no 
significant continued N sparing effect when 
the diet already- contains large amounts of 
protein of good methionine content. In 
contrast to this is the distinct N sparing 
effect of methionine when added to a diet 
of moderate or very- low protein content 
(Dogs 12 and 13). MTierever methionine 
supplementation spares N it does so at 
the expense of the urea-ammonia N 
fraetion. 

On the basis of these experimental 
findings it appears that methionine sup- 
plementation of diets already- containing 
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large amounts of methionine and cystine 
in food protein may be unwarranted and 
even wasteful. By the same token, Avhere 
digestion and absorption of such a high 
protein dietary are unimpaired, it seems 
unreasonable to expect any “supernor- 
mal” protective action from large supple- 
ments of methionine. Indeed Drill and 
Loomis^ have been unable to demonstrate 
any "superprotection” against carbon 
tetrachloride liver damage when methio- 
nine is added to high casein diets. 

To avoid possible untoward effects of 
great methionine overdosage, ^ it seems 
desirable to limit the total daily methio- 
nine intake to an amount equivalent to 1 
to 1.5 gm. (per kilo body weight) of the 
best dietary protein. Using whole egg 
protein wth 1.5% S as a basis for calcu- 
lation, a 70 kilo man would require the 
equivalent of 4.9 to 7.4 gm. of methionine 
per day. On another basis, assuming a 
daily N loss of 10 to 20 gm. per day and 
a daily S loss of 0.63 to 1.25 gm. (N/S = 
16), then approximately 3 to 6 gm. of 
methionine should be adequate to replace 
the daily total S loss. The recently formu- 
lated minimal protein requirement for 
healthy normal males^® would place the 
minimum intake level even lower. 

The therapeutic use of methionine ap- 
pears indicated: (1) as early as possible 
and continuously in any case of acute 
hepatic disease particularly toxic hepat- 
itis, especially where the status of protein 


nutrition is difficult to assess, and when 
during illness the dietary protein intake 
is poor or negligible; (2) where protein 
depletion is known to exist; (3) where the 
diet protein intake is suboptimal quanti- 
tatively by choice, or through inability to 
ingest, digest and absorb large amounts 
of good food protein; (4) where the diet 
protein intake is suboptimal qualitatively 
as a result of restriction to those proteins 
comparatively low in S content. 

Summary. 1. Evidence , is pre.sented 
that simple protein depletion uncompli- 
cated by choline deficiency produces no 
significant change in the ability of the dog 
to clear injected bilirubin from the blood. 
This is in distinct contrast to the greatly 
increased susceptibility of the protein de- 
pleted dog to hepatoxic agents such as 
chloroform. 

2. A high fat, low protein diet deficient 
in choline is associated with early impair- 
ment of ability to clear injected bilirubin 
from the blood. 

3. The N sparing acting of methionine 
supplements in the clog varies with the 
total methionine content of a protein 
dietary in the dog. Maximal effect is 
observed where the protein intake is rela- 
tively low. Virtually no continued effect 
is seen where the diet already contains 
large amounts of methionine as protein. 

The implications of these observations 
for the therapeutic use of methionine are 
indicated. 
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Is there such an entity as persistent, 
familial, non-specific reaction to a sero- 
logic test for syphilis? The existence of 
non-specific positive reactions is now gen- 
erally accepted. In recent comprehensive 
reviews by Beerman^ and Davis® a variety 
of causes are recorded. The role played 
immunizations and intervening infec- 
tions in producing transient positive sero- 
logic reactions in persons known to have 
been previously negative receives consid- 
erable attention. Beerman notes that 
recently there have been occasional reports 
of familial non-specific positives conse- 
quent to an infectious disease. Neither 
Beerman nor Davis, however, record any 
report of “idiopathic” false positive tests 
persisting in several members of a family. 
Stokes, Beerman and Ingraham^® do not 
include in that portion of their text which 
deals with non-specific positives any in- 
stance of such an observation. Stokes, 
however, has expressed himself as follows: 
“Why should there not be such a thing 
as familial false positive reactiveness, and 
why indeed should it not even have a 
gene distribution in association with blood 
types?”i2 

The mechanism of the production of a 
non-specific positive remains undeter- 
mined. Malloy and Kahn® stated that “ it 
appears that the difference between non- 
syphilitic and syphilitic serum is one of 
degree rather than kind; that it is quanti- 
tative rather than qualitative.” A similar 
conclusion was reached by Barnett, Jones 
and Kulcher.^ Mohr and his associates,® 


however, believe that normal reagin differs 
qualitatively from that of syphilitic serum. 
They present records of 9 individuals who 
were thought to give non-specific positive 
reactions, and from the study of these 
cases they feel that normal reagin may 
at times be present in sufficient concen- 
tration to gii'-e non-specific positives. 
The difference of opinion expressed in these 
2 views is a fundamental consideration 
in any approach to the problem of how 
these reactions occur. 

Familial occurrences of non-specific posi- 
tive reactions, transient in duration and 
associated with acute infections, have 
been reported. Zugar and Moffat^ record 
oljservations obtained on 3 brothers who 
had afebrile upper respiratory infections. 
Positive Kahn tests were obtained on the 
serum of each one, but their mother’s 
serum was negative. One month later 
the reaction was negative in each instance. 
Lindau^ reports the data on a family of 6. 
Both parents and 2 of the 4 children 
showed non-specific reactions to the Kahn 
and Wassermann tests following attacks 
of bronchitis. Within a short time, how- 
ever, all the positive reactions became 
negative. Smith^^ studied 2 brothers 
whose serologic reactions to the Wasser- 
mann and sigma tests %vere positive fol- 
lomng mumps. The sera of the parents 
gave negative reactions. One of the boys 
died of encephalitis due to mumps; the 
other one had a negative serologic reac- 
tion to both tests 4 months after the first 
determination. The cases cited by IMohr 


* This invc-slifiation w.as aided by funds obtained from tlie .Tulia M. Keim Rescarcli Fund and tl>e 
Pennsylvania Department of Health, 
t Terrell Building, Toceoa, Georgia. 
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and his associations do not include any 
observation of a familial non-sj)eci(ic posi- 
tive. The majority of their cases showed 
a transient false positive reaction. In 

1 instance the positive reaction persisted 
for G months hut further observations 
were not recorded. 

The query at the beginning of this 
report was prompted by observations con- 
tinued over a 2 year period on the members 
of a family. Diu’ing this period the sera 
of several members showed a persistently 
positive reaction to 1 type of test and the 
reactions were felt to be non-specific. In 
addition to the finding of a familial inci- 
dence of a persisting non-specific positive 
reaction, some data were obtained which 
suggest the possible existence of an heredi- 
tary mechanism by which the non-specific 
positive factor was transmitted from 1 
parent to several of her children. 

Family Study. In Februar}’’ 1944, V. F., 
a 35 year old white female of Italian birth 
and 4 to 5 mouths jiregnant, was seen in 
the prenatal clinic of the Lankenau Hospi- 
tal. The routine prenatal serologic tests for 
s 3 ’’philis showed a positive IHine test but a 
negative complement fi.xation reaction. A 
repetition of the serologic study 2 weeks 
later jnelded identical results, and the pa- 
tient was referred to the sj'philis clinic. 

The past histoiy of the patient was not 
particularl}’^ helpful in evaluating her condi- 
tion. There had been 4 previous pregnan- 
cies. The first 3 resulted in normal, full- 
term deliveries, but the fourth terminated 
bj" miscarriage at the 3rd month. The 
patient had been in- the United States for 
about 20 3 'ears. There was no historj’^ of 
anj*^ treatment for sj’-philis. The only pre^d- 
ous serious illness had been malaria at the 
age of 15 while she was still in Itaty. The 
physical examination was not remarkable 
except for carious teeth. There was no 
e^ddence of congenital S3'philis. Although 
it was not felt that a definite diagnosis had 
been established, it was considered adHs- 
able to begin treatment because of the 
pregnancy and its duration. From March 
13, 1944, through June 27, 1944, the patient 
received weekly injections of neoarsphena- 
mine, maximum dose 0.45 gm., except for 

2 weeks when she did not attend clinic. 
A Imng, normal, full-term female infant 


was delir'ered on June 29, 1944. Subse- 
quently the mother received rather irregular 
treatment during the next year. 

Soon after the patient was first seen in 
the sj'philis clinic an investigation of the 
famil}^ was done as a routine procedure. 
Considerable interest was aroused bj"^ the 
fact that the serum of each of the other 

3 children gave a positive reaction to the 
Kline test, but, like their mother, a negative 
complement fixation reaction. Neonatal 
serologic studies on the child born in June 
1944 resulted in negative results bj" both 
tests. Similar negative observ'ations on the 
serum of the father were reported when he 
was studied later in the j'ear. The results 
of all the routine examinations on the sera 
of the various members of the familj' are 
summarized in Table 1. For clarification a 
specimen of serum from each member of the 
famih' was tested at the Laboratorj' of the 
Graduate Hospital bj' quantitative serologic 
tests developed by Boerner and Lukens.'''^ 
Flocculation and fixation of complement 
were studied. Multiple examinations were 
performed subsequent^' and the results are 
tabulated in Table 2. On the first examina- 
tion the sera of the mother and the 3 older 
children showed veiy low units of comple- 
ment fixation, values within normal range, 
but units of flocculation in each instance 
were sufficiently high to be accepted as 
definiteh' positive. Subsequentlj' these re- 
sults were duplicated twice on each of these 

4 persons. The results of the second studs' 
on the serum of James F. were not a signifi- 
cant deviation, as the serum was still in the 
doubtful group according to the classification 
of Boerner.’ In this classification 24 units 
of fixation of complement are required for 
positivity, and 1 flocculation unit is required 
for positiA'ity. The serum of the father 
showed no flocculation or fixation of com- 
plement when tested by the methods of 
Boerner and Lukens. The serum of the 
j'oungest child, Jean F., also gave negative 
results bj' this method when she was 11 
months old. 

A study of Table 1 shows consistency in 
the pattern obtained b 3 ' the routine serologic 
tests on the sera of the mother and the 
3 older children, as seen in the first and also 
the subsequent examinations. In none of 
the studies was there anj' eridence of reac- 
tion to the complement fixation test, but 
there was alwa.vs some reaction to the Kline 



SINGER, BOERNER: SEROLOGIC FLOCCULATION REACTIONS FOR SYPHILIS 91 


test. The quantitative aspects are better 
illustrated by the methods of Boerner and 
Lukens. Incidentally, none of the 3 older 
children showed any evidence of congenital 
syphilis. The repeatedly negative results 


obtained by both routine tests on the serum 
of the father contrast with the observations 
on these others. If the family is grouped 
according to these results, the father and 
the jmungest child appear to form one gi'oup, 


Table 1.— -Result.^ Observed With Boernek-Lukens Simplified Complement Fixation 

Test and Kline Diagnostic Test 


February 1944 

B. F. Father 
Born 1900 
Type 0 

Rh Pos. 

V. F. Mother 
Born 1909 

Type A 

Rh Pos. 

C.F. Neg. 

Kline +3 

James 

Born 1925 
Type A 

Rh Pos. 

Josephine 
Born 1929 
Ty^pe A 

Rh Pos. 

Gloria 

Born 1933 
Type A 

Rh Po.s. 

.lean 

Born 6/29/44 
Type 0 

Rh Pos. 

February 1944 


C.F. Neg. 
Kline +4 





M.aroh 1944 

... 

... 

Wass. Neg. 
Kline +2 

Wass. Neg. 
Kline +2 

Wass. Neg. 
Kline +2 


June 1944 

... 

... 

... 

... 

... 

Wass. Neg. 
Kline Neg. 

•August 1944 


C.F. Q.N.S. 
Kline +2 





November 1944 

Wass. Neg. 
Kline Neg. 






November 1945 

AVass. Neg. 
Mine Neg. 






February 1946 

Wass. Neg. 
Kline Neg. 

C.F. Neg. 
Kline -f 1 

... 

Wass. Neg. 
Kline +2' 

Wass. Neg. 
Kline + 1 



All tests performed in the routine scrolosic laboratory of the Lankenau Hospital, Philadelphia. 


Table 2.— Boerneu’s Grouping and Classification Based* on Flocculation and Fixation 
OF Complement Units (Boerner- Lukens Methods) 


November 1944 

B. F. Father 

V. F. Mother 
Fix. Comp, i 
Floe, 8 

Class 5 

Group 2 

Jamc.s 

Josephine 

Gloria 

Jean 

December 1944 

Jannary 1945 

April 1945 


F’ix. Comp. 0 
Floe. 4 

Class 5 

Group 2 

Fix. Comp, ; 
Floe. 8 

Class 5 

Group 2 

Fix. Comp. 1 1 
Floe. 1 

Class 7 

Group 2 

Fix. Comp. 5 
Floe. 4 

Class 5 

Group 2 

Fix. Comp. J 
Floe. 4 

Class 5 

Group 2 


May 1945 


• » » 

• » • 



Fix. Comp. (1 
Floe. 0 

Class 1 

Group I 

July 1945 

August 194,5 

November 1945 

Fix. Comp. ; 
Floe. 0 

Cl.ass 1 

Group 1 

... 

Fix. Comp. 1, 
Floe. 4 

Cla-s.s .5 

Group 2 

Fix. Comp. 1 
Floe. 8 

Cla.s.s 5 

Group 2 

Fix. Comp. 0 
Floe. S 
ria.s.s 5 

Group 2 


February 1940 

* * • 

Fix. Comp. 
Floe. S 
ria.<,-< .5 

Group 2 

* ■ • 

Fix-. Comp. 1 
Floe. S 

Cla'^e T> 

Group 2 

Fix-. Comri. ! 
Floe. S 

Chass .-> 

Group 2 



.\ll tests performed in the laboratory of the Graduate Hospital. Philadelphi.i. 
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while the mother and the 3 older children 
form a second. 

Efforts to study further the mother and 
her own family for e^^dence of syphilis were 
unrewarding. No other members of her 
family were here in the United States. She 
had little knowledge of the medical histories 
of her family, but she had never known of 
the administration of intravenous therapy 
to an3' of them while she was in Italy. One 
pre\*ious record of a serologic test for syphilis 
on the mother was obtained. This was in 
1933, when a Wassermann test had been 
performed at another hospital, presumablj' 
before the birth of the third child. This was 
reported as negative. Tliere was no record 
of the performance of a lUine or anj' other 
flocculation test at that time. 


Neurath of the Department of Biochemistry) 
Duke Universit}' School of hledicine. When 
tested by his method of globulin fractiona- 
tion*” the sera of the mother and Gloria gave 
non-specific positive reactions. The test on 
the serum of Josephine, however, showed an 
inconclusive result. A second examination 
of the serum of the mother gave a similar 
result to that first obtained. The close 
grouping of 11 of 12 examinations in Class 5 
would seem to be more than a coincidence. 
The single exception is still in Group 2, the 
doubtful class according to Boerner’s classi- 
fication. 

During all this study there was no history 
of intercurrent infection in the members of 
the family or of anj^ immunizations. The 
impression was strengthened that we were 


Parents 

Father 


Age 46 
Type O 
Rh positive 
C.F.* negative 
Floe, negative 


Mother 
Age 37 
Type A 
Rh positive 
C.F.* negative 
Floe, positive 


Children 

I 

1 


James 
Age IS 
Type A 
Rh positive 
C.F.* negative 
Floe, positive 


Josephine 
Ago 17 
Type A 
Rh positive 
C.F.* negative 
Floe, positive 


* C.F.= Complement fixation test. 


A study of the blood groups was conducted 
on the entire familj'. The father and the 
jmungest child were found to be in Group 0 
while the mother and the 3 older children 
were in Group A. This ditdsion correlated 
exaetty noth the dmsion of the famih’ 
according to serologic tests for sj'philis. The 
stud3’’ of the Rh t5'pes, however, did not 
show a correlation, as all were Rh positive. 

An anatysis of Table 2 gives some interest- 
ing figures. Twelve examinations were done 
b3’^ the method of Boerner and Lukens on 
the sera of the mother and the 3 older 
children. Of these 12, 11 gave results which 
fell in Class 5, Group 2, according to the 
classification of Boerner, which offers 13 
possible classifications. 

Further confirmation of our assumption 
that the serologic reaction of the mother and 
3 of the children were non-specific positive 
was obtained through tests done by Dr. Hans 


Gloria 
Age 12 
Type A 
Rh positive 
C.F.* negative 
Floe, positive 


Jean 
Age 2 
TiTJe O 
Rh positive 
C.F.* negative 
Floe, negative 


dealing with an hereditar3'’ factor which 
caused a persistent, non-specific false posi- 
tive reaction to flocculation tests for s3T)hilis. 
The correlation of the blood groups with the 
serologic reactions seemed to relate this fac- 
tor with a known hereditar3'^ phenomenon. 
The serologic reaction and blood groups of 
the entire famiW are summarized above. 

Comment. Apparentlj' no previous re- 
ports on this subject have recorded per- 
sistence of non-specific positive reactions 
for a 2 3'ear period. Non-specific positive 
reactions seem to be related to extrinsic 
causes, such as infections or immuniza- 
tions. The rare familial incidence reported 
pre^^ousl3^ have all been attributed to 
infections. The familj’’ whose studj' is 
being reported here showed no exddence 
of sj'philis, and thej' had e.xperienced 
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neither recent infections nor immuniza- 
tions. The pattern of the positive sero- 
logic reactions is interesting in that only 
the flocculation tests were positive. A 
possible mechanism of hereditary trans- 
mission of the factor responsible for the 
non-specific positive reactions is suggested 
by the correlation of the blood groupings 
and the serologic reactions. The exact 
nature of this factor is not apparent from 
the present stud 3 ^ 

It is unfortunate that the inaccessibility 
of the mother's famil 3 ’' prevented further 
investigation in that direction. Anj'^ 
future offspring of the 3 children involved 
would furnish an opportunity to extend 
the hereditar^^ stud 3 ^ 

This investigation further emphasizes 
the importance of a prolonged serologic 
studj'^ and clinical evaluation of all cases 


in which there is anj^ doubt whatever 
concerning the existence of syphilis. Fur- 
thermore the clinical evaluation should in 
some cases be extended to the entire 
famil3^ 

Summary. The 6 members of an Italian 
familj" were studied for 2 j-^ears. Of the 
6, 4 showed a persistentlj’’ positive floccu- 
lation reaction to serologic tests for sj'ph- 
ilis although there was no evidence of 
s^'^philis in an^”^ one of them. The reac- 
tions were regarded as biologic false posi- 
tives. The correlation of the blood group- 
ings with the serologic reactions suggested 
an hereditary mechanism as a possible 
explanation of the existence of the ob- 
served serologic phenomena. No further 
information regarding the exact nature of 
the factor responsible was obtained. 
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SUBACUTE COIVIBINED DEGENERATION OF THE SPINAL CORD 
OCCURRING IN IDENTICAL TWINS* 
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Despite the fact that there exists a eration of this family there were 4 cases 
satisfactor,v treatment for pernicious ane- with possible nervous system involvement, 
mia and its neural complications, many Dorst- studied a family through 3 genera- 
features of these 2 conditions remain un- tions. One woman died at the age of 46 
explained. Among these is the significance with both pernicious anemia and subacute 
of inheritance as an etiologic factor. combined degeneration. She had 3 daugh- 

Wliile pernicious anemia seems to have ters who died of pernicious anemia and 
an heredo-familial incidence and even gas- subacute combined degeneration and 1 
trie achlorhj'dria has been shovm to occur son who died of pernicious anemia. Lie- 
in families,*"’ very few cases of nervous sys- pelt' described pernicious anemia and 
tern involvement Math heredo-familial ten- spinal cord involvement in a mother and 
dencies have been recorded. S. A. Kinnier daughter. Johannessohn^ and Tschem- 
Wilson*® remarked, "The curious feature ing*® also reported briefly on the familial 
of these and other genealogies marked by incidence of subacute combined degenera- 
transmission of Addisonian anemia is the tion. 

absolute rarity vdth which the nervous Ungle.v and Suzman’* reported a family 
syndrome makes an appearance. Among in which 2 brothers died of subacute com- 
all the 199 cases from the National Hospi- bined degeneration, 1 brother had pemi- 
tal, heredity seemed to play no part, and cious anemia and 1 sister died of pernicious 
not 1 of the kind has been personalty anemia. The sister had a daughter who 
observed.” died with subacute combined degenera- 

In 1912, Willson’* described a woman tion. They also described 2 sisters, 1 of 
who died at the age of 43 nath pernicious whom had died of pernicious anemia and 
anemia and subacute combined degenera- the other was then under treatment for 
tion. Her sister died of “tabes with subacute combined degeneration. Witts'" 
anemia” and her maternal aunt died of reported on 2 sisters who had died of per- 
pernicious anemia. HursH (1924) found nicious anemia. They had a healthy sis- 
a man "wnth the nervous disease and ane- ter who had 2 daughters, 1 with pernicious 
mia whose father, brother, paternal uncle anemia and the other with both pernicious 
and paternal grandfather had died of per- anemia and subacute combined degenera- 
nicious anemia. He later* reported a man tion. In a study of the interrelation of 
vdth subacute combined degeneration pernicious and idiopathic anemias. Heath* 
whose paternal grandfather had pernicious referred to a family in which 3 sisters had 
anemia, and a woman with the cord dis- pernicious anemia and subacute combined 
ease whose mother had pernicious anemia, degeneration. Another sister died at 3-5 
Maclachlan and KlineHraced a family tree with what was "presumably pernicious 
through 5 generations in which there were anemia.” 

4 cases liHng with pernicious anemia, 7 Ranson and Reback’” gave an extensive 
li\-ing with secondary anemia, and 13 who report of a young man who had severe 
had died of “ anemia.” In the third gen- pernicious anemia m’th diffuse involve- 

* Supported by a grant from the Kirby-McCarthy Fund. 
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ment of the nervous system and who 
recovered with liver therapy. This man’s 
mother died of pernicious anemia and sub- 
acute combined degeneration and his 
paternal uncle also had both the anemia 
and spinal cord involvement. 

Despite Wilson’s skepticism as to the 
heredo-familial basis of subacute combined 
degeneration, the above reports would 
seem to suggest that such an etiologic 
factor might exist. To add to this data, 
we wish to record our observations on 
identical twins who developed the syn- 
drome of posterolateral sclerosis with gas- 
tric achlorhydria and who both responded 
satisfactorily to the administration of liver 
extract. 

Report of Cases. Family History. Nothing 
is known about the maternal grandparents 
of our patients. The paternal gi-andfather 
died in 1905 at the age of 75 from unknown 
causes. The paternal grandmother is still 
living in her 90’s. There was no histoiy of 
anemia or nei’vous system disease in any of 
the uncles oi' aunts. The father of the twins 
died in 1937 at the age of 83. The cause of 
his death was not accurately known. Their 
mother died in 1901 at the age of 40 from 
bronchopneumonia. The first born child 
was a sister who lived only 3 months. She 
died of a “leaking heart.” Another older 
sister died at the age of 54, in 1941, because 
of complications related to an abdominal 
“growth.” 

Both of our patients are married. C. W. 
has 2 daughters (22 and 21 years old) both 
of whom are well. F, W.’s mai'riage has 
been without issue. 

Case 1. C. W., a Avhite male, born May 
22, 1890, began to notice “numbness and 
tingling” in his fingers and toes in the 
mornings, but were said to have disap- 
peared after several months. In October 
1938, the “numbness and tingling” re- 
turned and his physician noted some signs 
of incoordination in his lower extremities. 
His blood count was “normal” at this time. 

In August 1939, the patient had a left 
inguinal herniorrhapliy at the Philadelphia 
Naval Hospital. In October 1939, the pa- 
tient began to notice more unsteadiness of 
his gait. He staggered at times and found 
it harder to walk at night. He was consider- 
ably fatigued and fell asleep readily. He 


had episodes of spontaneous crying. Because 
of these s}’’mptoms he reentered the Naval 
Hospital where the following observations 
were made: The general ‘physical examina- 
tion showed multiple small lipomata of the 
skin of the extremities and body, but Avas 
otherwise unimportant. 

The neurologic examination showed the 
cranial nerves to be intact. The patient’s 
gait was ataxic and he walked with a wide 
base. The Romberg test was positiA’-e. 
There AA^as some dyssjmergia and dysdiadoko- 
kinesia of all extremities. There was impair- 
ment of performance of skilled acts AA'ith 
his fingers. Muscle poAver, tone and A^olume 
AA'ere not disturbed. Touch seemed to be 
impaired in both feet. Position sense Avas 
lost in the toes. Vibi-ation sense seemed to 
be intact, although later examination shoAved 
some impairment in the feet. Pain sensation 
AA'as presei'A’^ed throughout. Later on during 
his staj’- in the hosjrital, stroking the soles 
of both feet had painful cutting and burning 
qualities. The deep reflexes and periosteal 
leflexes in the upper extremities AA'ere equally 
hj'peractive. The patellar and Achilles re- 
flexes Avere absent. The lower abdominal 
reflexes AA’ere absent. No ])athologic reflexe.*^ 
AA'ere noted. 

The patient shoAved some mild confusion 
at times, Avas mentally dull, and poorly 
cooperative. He shoAA'ed no emotional dis- 
turbances and no memory defects at any 
time. 

Blood counts (Nov. 15, 1939): red blood 
cells, 4,360,000; hemoglobin, 14 gm. (84%); 
AA'hite blood cell count, 6200 (pob'inorpho- 
nuclears 65%, lymphocytes 27%, mono- 
cytes 8%). All other blood counts were 
relatiA'ely the same. Red blood cells Avere 
repoi’ted as nomial in size and shape. The 
hematocrit on NoA'ember 16 AA’as 37 and on 
NoA’eraber 28 AA’as 40. 

The urinab’ses Avere cssentialh’ negatiA’e. 
The blood Kahn tests AA'ere negatiA’e. A 
chest roentgenogram shoAA'ed some emplij’- 
sema of the pulmonary bases. The electro- 
cardiogram rcA’ealed a moderate left axis 
dcA’iation. 

Gastric analysis AA'ith histamine on Novem- 
ber 26 shoAved absence of free hydrochloric 
acid. 

The cerebro.sjfinal fluid shoAA'ed protein, 
20 mg. %; sugar, 68 mg. %; negatiA’e Kahn, 
colloidal gold of all zeros, and 1 to 2 cells. 
The cerebrospinal fluid AA'as under normal 
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pressure and the Queckenstedt test was 
negative. 

The patient was started on liver therapy 
in December 1939. He improved slowty 
but steadily. In the early weeks of his 
hospitalization, he had become weaker, was 
scarcely able to walk, and was finally con- 
fined to bed; but by the end of December 
he was able to walk with assistance. l^Tien 
discharged from the hospital in June 1940, 
he walked without assistance although the 
neurologic examination showed little change. 
He continued liver therapy at home and bj^ 
January 1941 was able to return to “flag- 
ging” on the railroad. By October 1945 he 
was able to return to his original job as a 
brakeman, which he has held to date. 

A neurologic examination on April 7, 1946, 
bj’- one of us (G. S.) showed the following; 
The cranial nerves were intact. The pa- 
tient's gait was steady but there was a little 
instability noted on turning. In the Rom- 
l)erg test slight swa 3 dng was still present. 
There was a little ataxia on the heel-to-knee 
test bilaterally. Pain, touch, temperature, 
vibration and position sense were intact 
throughout. All of the deep and superficial 
refle-xes were hj'^peractive throughout with 
a transient anlde clonus on the right side. 
The abdominal reflexes were present. A 
right Hoffman sign was the onlj-^ abnormal 
reflex noted, although plantar flexion was 
absent on the left side. 

The patient is still receiving “1 cc. of 
crude liver extract” intramuscular^ each 
week and takes 10 drops of HCl before 
meals. 

Case 2. F. W., the identical twin brother 
of C. W., was admitted to the Neurological 
Section of the University of Pennsjdvania 
Hospital on Oct. 3, 1944. For 4 years the 
patient had been complaining of “trembl- 
ing” of his hands, especiaUj’- the right. He 
began to have tingling sensations in his 
fingers and feet in August 1944. His gait 
became unstead 3 ’'. He had noticed no in- 
creased difficulty in getting around in the 
dark. 

The general ph 3 "sical examination was 
negative except for the presence of multiple 
subcutaneous lipomata on the bod 3 '' and the 
extremities and an unsatisfactority repaired 
right inguinal hernia. 

The neurologic examination on admission 
to the hospital revealed the following; The 
cranial nen-es were intact. The patient’s 


gdit was unstead 3 ’’ and he walked with a 
wide base. The Romberg test was positive. 
There was a slight tremor at rest of both 
hands, more on the right side. There was 
no .dysmetria, but an action tremor devel- 
oped on doing the finger-to-nose test. There 
was definite ataxia on doing the heel-to-knee 
test bilaterally. Muscle power was reduced 
in both lower extremities and in the right 
upper extremity. Muscle tone and volume 
were normal. Pain, temperature and touch 
were unimpaired. Vibration sense and posi- 
tion sense were impaired in both lower 
extremities. The deep and superficial re- 
flexes were increased bilateraU 3 '' in the upper 
extremities. The patellar and ankle reflexes 
were decreased. The abdominal reflexes 
were present. There were no abnormal 
reflexes. 

Blood count (Oct. 12, 1944); 4,000,000 
red blood cells, with 78% hemoglobin (color 
index 0.9); white blood cells, 10,400 (85% 
potymorphonuclears, 11% honphocytes, 4% 
monocytes). Repeated blood counts showed 
nothing unusual in the appearance of the 
erythrocytes. The patient developed a pneu- 
monia while in the hospital. After recovery 
the red blood cell count was 3,500,000 Mth 
a hemoglobin of 75% (C.I.- 1.1). 

Blood urea nitrogen was 18 mg. %. Fastr 
ing blood sugar was 62 mg. %. Urinalyses 
were repeatedly negative. Several blood 
Kolmer and IQine tests were negative. 

Gastric anatysis with histamine showed 
absence of free hydrochloric acid. 

The cerebrospinal fluid was under normal 
pressure and the Queckenstedt test was nega- 
tive. The protein was 41 mg. % and the 
serolog 3 ' was negative, as was the colloidal 
mastic test. 

Roentgenogram of the vertebral column 
showed moderate thoracic scoliosis and some 
minor uncertain bon 3 ’’ changes. 

Two small subcutaneous nodules were re- 
moved for biops3n Microscopic examination 
identified them as lipomata. 

Liver therap 3 '- was started on the patient 
after he recovered from his pneumonia. He 
was given 3 cc. of Lederle.’s Liver Concen- 
trate (15 U.S.P. units/cc.) 3 times a week. 
This was continued after discharge from the 
hospital and was increased to 3 cc. daity 
from Februar 3 ' to April 1945. Since then it 
has been decreased until he is now taking 
3 cc. twice a week. 

The patient has shown progressive im- 



SCmVARZ, TODD: DEGENERATION OF .SPINAL CORD IN IDENTICAL ITVINS 97 


provement. Some clinical evidence of ner- 
vous system disease still persists. Examina- 
tion on May 20, 1946, showed the gait to 
•be .slightly unsteady (spastic-ataxic). This 
was more evident on turning and was in- 
creased with both eyes closed. The Rom- 
berg test was positive. vSlight dysdiadoko- 
kinesia in the upper extremities and ataxia 
in the heel-to-knee tests were noted. Muscle 
power, tone and volume seemed good. Posi- 
tion and vibration sense were still a bit 
impaired in both lower extremities. Pain, 
touch and temperature perceptions were in- 
tact. The deep reflexes were increased in 
the upper extremities. The ankle jerks were 
absent. Knee jerks were present but 
fatigued easiljc Hoffman signs were present 
bilaterally. Babinski’s sign was not noted. 

This man has returned to his work and 
does not find his remaining nervous system 
dysfunctions at all incapacitating. 

Discussion. Before any genetic inter- 
pretations were made, it seemed advisable 
to establish the monozygosity of our pa- 
tients beyond reasonable doubt. While 
there is no absolute method to determine 
this, Rife^^ has listed a number of criteria 
which may establish the zygosity of twins. 
These are: (1) the nature of the feta! 
membrane, (2) sex similarity, (3) physical 
resemblance, (4) blood types and sub- 
groups, and (5) finger and palm prints. 
We could obtain no data as to the presence 
of monochorionic or dichoi’ionic fetal mem- 
branes in our patients. They were of the 
same sex and their physical appearance 
was so identical that we often inisidenti- 
fied them. Their resemblance to each 
other in many physical details as outlined 
by Fischer^ was so close as to lea\^e little 
doubt of their similarity in this respect. 
Also of interest was the fact that they 
both had multiple subcutaneous tumors 
(lipomata), man}’’ of these occurring in 
relatively identical places on the body and 
of about the same size. Their father had 
similar nodules under his skin. 

Blood studies were graciously done for 
us by Dr. Neva Abelson of the Phila- 
delphia Serum Exchange at the Children’s 
Hospital, Philadelphia. The twins’ blood 
showed identical reactions. Both belonged 
to Group .41. The erythrocytes of both 
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men reacted as follows: Anti-Al positive; 
anti-N positive; anti-M positive; anti-Rho 
positive; anti-Rh' positive; anti-Rh" nega- 
tive; anti-Hr' positive. 

Dr. David C. Rife, of Ohio State Uni- 
versity, kindly studied the finger and palm 
prints of our 2 patients. He reported,^ 
“The homolateral similarities are greater 
than the bilateral similarities of either. 
Each has a pattern in the thenar area in 
the left palm, while neither right palm 
shows a pattern in this area. The total 
ridge counts of the finger tips agree ex- 
tremely well, F. W. having 91 and C. W. 
92. This is close, even for twins. . . . 
the similarities are so striking that I feel 
reasonably certain that the twins must be 
identical.” 

On the basis of these criteria, we feel 
justified in concluding that our patients 
are really identical tudns and are mono- 
zygotic. 

Our patients did not show anemia or 
hyperchromic macrocytosis of the erythro- 
cytes at any time. The clinical neurologic 
picture was that seen in posterolateral 
sclerosis. It is now well known that the 
neural symptoms of pernicious anemia 
may precede the hemic change. Under 
such circumstances the diagnosis depends 
on the clinical neurologic picture, negative 
laboratory and clinical studies implicating 
other known etiologic agents, the absence 
of free hydrochloric acid in the stomach 
after the subcutaneous administration of 
histamine and, finally, favorable thera- 
peutic response to the parenteral adminis- 
tration of liver extract. Our patients ful- 
filled all of these criteria and we have con- 
cluded that the nervous system disease in 
these men was of the pernicious anemic 
type despite the lack of characteristic 
blood changes. 

Certainly no final conclusion as to the 
hereditary basis of posterolateral sclerosis 
of pernicious anemia can be reached from 
our observations of this single set of identi- 
cal twins. Yet we do feel that our cases 
added to those already recorded in the 
literature seriously suggest such a possible 
etiologic factor. ^Monozygotic twins are 
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genetically and physically more alike than 
other siblings or indeed any other 2 people. 
A non'infectious, non-contagious disease 
process occurring in one first and not long 
afterward in the other of a set of mon-oval 
twins certainly strongly suggests a possible 
common inherent basis for the disease 
process. Then when this disease is found 
to occur in ordinary siblings and other 
family relationships, the common inherent 
factor of the twins assumes hereditary 
features. 

Genetic interpretation of posterolateral 
sclerosis is made more difficult by the 
many gaps in our knowledge of the causa- 
tive factors and pathogenesis of the disease 
itself, and of the etiologic relationship of 
the condition to pernicious anemia. The 
idea that posterolateral sclerosis represents 
a toxi-infectious degeneration of the ner- 
vous system because of the absence of free 
hydrochloric acid in the stomach is no 
longer tenable. The old idea that the 
neural process is related to the anemia 
alone has long since been discarded. Most 
authorities today view the neural and 
hemic pathologic processes as a condition- 
ed deficiency disease. Yet the etiologic 
relationship of pernicious anemia and sub- 
acute combined degeneration of the spinal 
cord still remains obscure. For instance, 
we do not know if the factor responsible 
for the integrity of hemopoiesis is the same 
as the factor responsible for the prevention 
of the development of status spongiosus 
in the nervous system so characteristic of 
posterolateral sclerosis. There may be 2 
(or more) separate substances contained 
in the one therapeutic agent — liver e.vtract. 
A definite chemical substance, folic acid, 
as a possible precise factor in the deficiency 
sjmdrome called pernicious anemia is only 
now being investigated. To date, we have 
Seen no reports on the effect of this sub- 
stance on the neural syndrome. 

If different chemical substances are 
found and proven for the prevention of 
the hemic syndrome of pernicious anemia 


and for the pre^'ention of the neural proc- 
ess of posterolateral sclerosis, the genetic 
problem might relate directly to these 
substances and their point of formation 
or use. Such a finding might well explain 
the greater incidence of the familial occur- 
rence of pernicious anemia as Wilson so 
readily noted. It would mean that where 
familial permcious anemia occurred alone, 
only the single hemic factor was disturbed 
on an hereditary basis; where familial 
posterolateral sclerosis occurred alone, only 
the neural factor would be involved; and 
where both pernicious anemia and postero- 
lateral sclerosis were found to occur in a 
family, multiple hereditary factors would 
have to be postulated. On the other hand, 
if the hemic and neural factors are shown 
to be identical, the hereditary features of 
subacute combined degeneration of the 
spinal cord might have to be explained by 
some predisposition or susceptibility of 
the neural parenchyma itself. At this 
stage of our ignorance only fruitless, inde- 
cisive speculation can exist. All further 
genetic formulations would seem to de- 
pend on future observations on the etiol- 
ogy of these 2 conditions. However, we 
feel that wherever hereditary factors are 
found in pernicious anemia and/or in sub- 
acute combined degeneration of the spinal 
cord, such clinical studies should be added 
to the literature so that an eventual future 
genetic evaluation will be more sound and 
acceptable. 

Summary and Conclusion. 1. Clinical 
and laboratory findings of identical twins 
with subacute combined degeneration of 
the spinal cord, gastric achlorhydria, and 
recovery with liver therapy are reported. 

2. The monozygosity of the brothers 
was established on the basis of identical 
•physical characteristics, blood groups, and 
finger and palm prints. 

3. These cases are thought to strengthen 
the concept of heredity as one of the 
etiologic factors in the development of 
posterolateral sclerosis. 



SCmVARZ, TODD: DEGENERATION OF SPINAL CORD IN IDENTICAL TWINS 99 


REFERENCES 

1. Baubk, E., Fischee, E., and Lenz, F.: Human Heredity, New York, Macmillan, p. 119, 1931. 

2. Dorst, S. E.: Am. J. Med. Sci., 172, 173, 1926. 

3. Heath, C. W.; Am. J. Med. Sci., 185, 365, 1933. 

4. Huest, a. F.: Brit. Med. J., 1, 93, 1924. 

5. Huest, A. F.: Guy’s Hosp. Rep., 76, 287, 1926. 

6. JoHANNESSoHN, F.: Deutsch. med. Wchnschr., 51, 1953, 1925. 

7. Liepelt, a.; Deutsch. Ztschr. f. Nervenh., 90, 201, 1926. 

8. Maclachlan, W. G., and Kline, F. M.; Am. J. Med. Sci., 172, 533, 1926. 

9. Personal communication. 

10. Ranson, S. W., Jr., and Reback, S.: Ann. Int. Med., 17, 738, 1942. 

11. Rife, D. C.; Scientific Monthly, 53, 148, 1941. 

12. Tscherning, R,; Deutsch. med. Wchnschr., 62, 707, 1926. 

13. Ungley, G. C., and Suzman, M.: Brain, 52, 271, 1929. 

14. Wilkinson, J. F., and Brockbank, W.: Quart. J. Med., 24, 219, 1931. 

15. Willson, R. N.; J. Am. Med. Assn., 59, 767, 1912. 

16. Wilson, S. A. K.: Neurology, Baltimore, Williams & Wilkins, 2, 1342, 1940. 

17. Witts, L. J.; Guy’s Hosp. Rep., 80, 253, 1930. 



PROGRESS 

OF 

MEDICAL SCIENCE 

MEDICINE 

UNDER THE CHARGE OF 

JOHN H. MUSSER, M.D. 

PROFESSOR OF BIEDICINE, TULANE UNIVERSITY OF LOUISIANA 
NEW ORLEANS, LOUISIANA 


RENAL DECAPSULATION FOR OLIGURIA AND ANURIA 

By Walter S. Culpepper, M.D. 

FELLOW IN INTERNAL MEDICINE, ALTON OCHSNER MEDICAL FOUNDATION 
NEW ORLEANS, LOUISIANA 
AND 

Thosias Findley, M.D. 

ASSISTANT PROFESSOR OF CLINICAL MEDICINE, TULANE UNIVERSITY SCHOOL OF MEDICINE AND 
HEAD OF THE DEPARTJJENT OF MEDICINE, OCHSNER CLINIC 
NEW ORLEANS, LOUISIANA 


Surgeons who decapsulate kidneys in 
the expectation of increasing urinary flow 
usually justify themselves by assuming 
that the operation either diminishes intra- 
renal pressure or denervates renal blood- 
vessels. Other less plausible theories have 
been devised but these are the 2 most 
popular and of them the former is more 
widely held because of numerous clinical 
assertions that anuric kidneys often look 
swollen to the naked eye and that capsu- 
lotomj’^ results in bulging of the renal par- 
enchjuna through the incision. .A.ttractive 
as these theories may be in their simplic- 
ity, the actual basis upon which they rest 
seems slim indeed. Furthermore, it is so 
difficult to see how decapsulation can 
achieve anything approaching total de- 
nervation of the kidney that this review 
will confine itself to a consideration of the 
evidence that increased intrarenal pressure 
is an important factor in the production of 
the oliguric state. 

It is conventional to deal with this 
problem by offering first a classification 
of the anurias. We are quite unable, how- 
ever, to subdivide them in any satisfac- 


tory manner and, indeed, are prepared 
to suggest that no attempt to do so be 
made since it seems that diverse etiologic 
factors all produce anuria chiefly by the 
same fundamental mechanism; that is, 
increased tubular reahsorption of glomeru- 
lar filtrate. Whether this broad general- 
ization is strictly accurate or not, the 
familiar breakdown of the anuric phenome- 
non into; (o) prcrcnal, renal and jmstmial, 
or (b) (jlomcrular and iiibnhr varieties, ap- 
pears extravagant to us because a large 
variety of renal insults has been shown 
to initiate a series of events which cul- 
minates in apparently identical tubular 
lesions. Important as prerenal influences 
may be,’'--^ ''® it is obviouslj' not possible, 
for example, to diminish the rate of renal 
blood flow markedly without also affect- 
ing the nutritional status of the tubules, 
nor can the rate of glomerular filtration 
be appreciatively reduced without simul- 
taneously offering the tubules a greater 
opportunity to exert their reabsorptive 
powers. By the same token postrenai 
obstruction is as certain to increase the 
rate of tubular reahsorption as it is to 
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diminish the minute output of glomerular 
filtrate. Since the volume of urine in the 
bladder is knonm to depend much more 
upon tubular than upon glomerular func- 
tion, a brief summary of the effects of 
renal anoxia, nephrotoxic agents and ob- 
struction of the lower urinary tract upon 
tubular structure and function may serve 
to justify this somewhat Unitarian view- 
point and to place decapsulation in a 
proper perspective. 

Effects of Renal Anoxia Upon the 
Tubules. No effort has been made to 
provide a complete bibliography of this 
relatively new but important field, but 
it is believed key references are included. 
Maegraith, Havard and Parsons®^ were 
apparently the first to attempt a unified 
explanation for the anuria which occa- 
sionally complicates a large and diverse 
number of prerenal conditions b 3 '^ sug- 
gesting that renal anoxia rather than 
hypothetical nephrotoxins or mechanical 
blockage of the tubules is the responsible 
agent. In an excellent review, Lucke’® 
employs the term “lower nephron nephro- 
sis” to describe the essentially similar 
degenerative lesions frequentlj^ found in 
conditions associated Avith destruction of 
tissue and intravascular hemolj'sis. He 
also emphasizes the importance of circu- 
latory changes in the kidnej'^s but believes 
that toxic chemicals and mechanical 
blockage of tubular lumens by protein 
precipitates may be contributing factors. 
His study, based upon 538 fatal cases 
accumulated by the Arm.v Institute of 
Pathology, shows that essentially similar 
clinical and pathologic pictures of renal 
insufficiency have been produced b.y a 
large number of conditions — battle wounds 
and crushing injuries, abdominal opera- 
tions, burns, transfusion reactions, sul- 
fonamides, chemical poisons, heat stroke, 
blackwater fever, hemolj'tic anemias, ob- 
stetrical complications, acute pancreatitis 
and rickettsial diseases. The kidnej's are 
described as usually swollen and some- 
what enlarged; microscopicall.v, the glom- 
eruli seem relutiveh' bloodless but other- 
wise normal, whereas the thick limbs of 


Henle’s loops and the distal convoluted 
tubules show degenerative changes of vari- 
able degree and the lumens are here and 
there filled with pigmented casts. Inter- 
stitial edema, cellular infiltration and ven- 
ous thromboses are also seen in the medul- 
larj' portions of the kidney's. Interest in 
these lesions was originally aroused b,v 
the British descriptions of traumatic ure- 
mia and the “crush sjmdrome.”^®"®"''®^’®® 

By means of renal clearance technics it 
Avas soon shoAAUi that the application of a 
tourniquet to a dog’s leg causes prompt 
reduction in renal blood Hoaa^ and urinarj^ 
output and that tubular function remains 
depressed for a considerable length of time 
after release of the tourniquet and disap- 
pearance of shock but these authors 
noted no residual anatomic lesions in the 
kidnej'. Others, hoAA'ever, have described 
degenerative cellular changes in the kid- 
ney tubules folloAAung adequate mechani- 
cal constriction of the renal arterj'.®®-^®®-'®'* 
Phillips and co-A\mrkers“' haA-'e shoAAm that 
renal blood flow must be tremendouslj’’ 
diminished before tubular function is im- 
paired; but Corcoran and Page®'** demon- 
strated that intense renal vasoconstriction 
does take place after skeletal injury. 
Lauson, Bradley and Cournand’* haA’-e 
shoAATi that in shock renal blood flow and 
glomerular filtration rate are reduced to 
a much greater extent than can be ac- 
counted for b.A^ the reduction in systemic 
arterial blood pressure, apparentlj’^ as a 
compensatory effort on the part of the 
kidne.AAS to counterbalance ano.Affif in other 
more vital organs. These authors agree 
AA'ith Corcoran and Page,®^* and AA’ith Sel- 
kurP®'* tliat impairment of renal function 
ma.v persist long after the circulatorA’^ dis- 
turbances elseAA'here haA'e Ijecn corrected. 

Similar renal abnormalities have been 
described in conjunction AA-ith other kinds 
of circulator.v disturliances — non-crushing 
injurv,®®’*®^'*®' hemorrhage,®^ ®**'"* heat 
stroke,®® burns,*'* •*'’'*°®-*®' obstetrical trau- 
nja n.*o*.*oG.n9 sulfonamide intoxication, 
51.52,80,97,110 incompatible blood transfusion, 

2.9.is,32,33.«.79.9i.ii4 rctroplaecntal hemor- 
rhage.**® alkalosis,®''* ®* ®® diabetic coma,*® 



102 


PROGRESS OF IIEDICAL SCIENCE 


anemia,^” pernicious anemia,^® vomiting,’® 
hematemesis,^-’” Addison’s disease,’®® 
enzjTOe shock®" and congesti\'-e heart 
failure.”®’’®®’’®^ 

These renal lesions ha\'e also been de- 
scribed in infectious diseases in which, 
although specific tubulo-toxins may be 
suspected, circulatory collapse is also 
common — cholera,®® yellow fever,^’ and 
Weil’s disease.®’ In blackwater fever sim- 
ilar episodes of renal failure frequently 
occur®®’®’'®®’®®'®”'’®'’”® as they may rarely 
in other hemolytic crises;®®’®®’®”’®''’®®’®® but 
here the possible toxic effects of hemo- 
globin derivatives can scarcely yet be 
separated from the circulatory changes. 
The part the pigments play will be dis- 
cussed in the section on Nephrotoxins. 

The “ hepatorenal syndrome,” a loosely 
defined combination of hepatic disease 
and renal failure, has been attributed on 
unproved grounds to the nephrotoxic 
action of hepatic substances.’^® It seems 
more likely, however, that no such sjm- 
drome exists and that the occasional case 
of renal failure associated ndth jaundice 
is due to circulatory changes resulting 
from shock, dehydration, anemia, chemi- 
cal changes in the body fluid and infection, 
all of which factors may produce renal 
anoxia and artificial degeneration. There 
seems to be no reason to search for 
specific toxins. 

Renal anoxia can hardly be supposed 
to play an uncomplicated role in glomeru- 
lonephritis, malignant hypertension and 
bilateral cortical necrosis of the kidneys 
where obstructive lesions in the glomeruli 
markedly reduce filtration rate and allow 
more complete reabsorption of tubular 
fluid.®’”’®®’®® 

Finally, e.xtremely interesting observa- 
tions have recently been made which, if 
confirmed, may explain the anurias of 
reflex or emotional origin. Trueta and 
his colleagues®’’®®’’®® have claimed that ap- 
propriate stimulation of peripheral nerves 
can divert the entire renal blood supply 
from its usual glomerular route directly 
to peritubular channels siipplj-ing only 
the medulla, the consequence being that 


glomerular filtration and urinary forma- 
tion may partly or wholly cease ndthout 
concomitant reduction in total renal blood 
flow. They regard this as a possible 
homeostatic mechan'sm which prevents 
loss of fluid (urine) from the kidney in 
conditions of shock and protects the 
glomerular apparatus from noxious agents. 
They feel that renal cortical ischemia can 
be produced centrally or peripherally 
through a variety of mechanisms, and 
that the different types of anuria just 
described may be of neurogenic origin. 
The implication is made that these anu- 
rias should be treated by spinal anesthesia 
or splanchnic block rather than by trans- 
fusion or decapsulation. These important 
claims should certainly be thoroughly ex- 
plored, particularly since the reported 
experiments have been done only in rab- 
bits which have an extremely labile glo- 
merular system anjm^ay. Barclay, Cooke 
and Kenney* have e.xpressed skepticism 
about these claims, sajdng that changes 
in the cortical circulation are of relatively 
minor importance in the determination of 
imine volume in man. Wolf”®’”® has shoTO 
that pain itself can greatly dimmish renal 
blood flow and suggests that diseased 
kidneys may not recover from such an 
insult. Cubitt®® states that shock in the 
usually accepted sense is not a necessary 
precursor of the reflex anurias which may 
follow traumatic procedures. Although 
the mechanism of the anurias produced 
or accompanied by changes in the general 
circulation is not well understood, there is 
little eridence from these studies that 
increased intrarenal pressure is an impor- 
tant factor. 

Effects of the Nephrotoxic Agents 
Upon the Tubuees. The role which toxic 
products of tissue or blood destruction 
play in the production of renal insufficiency 
is far from clear. There is some eridence 
that circulating toxins appear in trau- 
matic shock.®®’*”’”® It was originally sug- 
gested that in “crush sjmdrome” degen- 
eration of the distal convoluted tubules 
might result from precipitation of heraa- 
tin in acid and concentrated tubular fluid. 
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and there seems to be no doubt that cer- 
tain heme derivatives are cytotoxic.^'*’^'*^ 
Flink^ found that the amount of renal 
damage was proportional to the plasma 
hemoglobin concentration. Recent sur- 
veys, however, indicate that the excretion 
of hemoglobin derivatives is not the sole 
cause of tubular damage®®'’®’®^'^^’^ and it 
is emphasized that these hemolytic dis- 
orders are often accompanied by circula- 
tory disturbances which may involve the 
kidney to an important degree even 
though the superficial e%ddences of shock 
are not apparent.®®’®*’^®^-^®^ Hemolytic 
crises have not been uncommon after the 
administration of certain sulfonamide de- 
rivatives;^® but anuria may also be pro- 
duced by mechanical blockage of the 
lower urinary tract with precipitated crys- 
tals. The effects of sulfonamide therapy 
on the urinaiy tract have been ably re- 
viewed by Peterson and Finland.”® 

Hormonal influences have also been 
invoked as a cause of certain forms of 
oliguria. Brun and co-workers^® have 
sho^vn that the suppression of urine which 
follows prolonged standing is associated 
wth the release of antidiuretic hormone 
into the blood stream. Bradley^® suggests 
that the neurohypophysis becomes acti- 
vated in hypoproteinemic states because 
of the loss of water into the tissues and 
consequent concentration of the plasma. 
Postoperative anuria may be due in part 
to hyperpitressinemia occasioned by per- 
ipheral sensory stimulation according to 
the mechanism of neurohjq)ophyseaI con- 
trol described by Rydin and Verney.^®^ 
Pitressin cannot properly be called a 
nephrotoxin, of comse, but it does act 
upon the renal tubules to promote water 
absorption. The antidiuretic material de- 
tected in some edematous and oliguric 
states has not been absolutely identified 
as pitressin, however, and it should be 
remembered that the hormone cannot re- 
duce urinary flow very much if the urine 
is already concentrated.^®® The impor- 
tance of this type of oliguria, therefore, 
remains to be established. 

Some heavy metals are known to be 


extremely toxic to renal tissue. Richards’ 
direct observations on the frog’s kidney”® 
showed clearly that glomerular filtration 
(and presumably renal blood flow) was 
unaffected at the time that mercury had 
so damaged the tubules that the glomeru- 
lar filtrate was being blindly and totally 
reabsorbed into the peritubular blood 
stream before it could leave the kidney. 
By means of clearance techniques it has 
also been shown that uranium can destroy 
tubular function vdthout appreciatively 
affecting renal blood flow.® Page, Taylor 
and KohlstaedP®® have described the pro- 
found renal functional changes in arsenic 
poisoning. Forbes^® found tubular degen- 
eration in a case of carbon tetrachloride 
poisoning, as did Lucke,^® who also in- 
cludes cases of mushroom and alcohol 
poisoning in his “ lower nephron nephrosis 
syndrome.” In all these conditions oli- 
guria is best explained by the reabsorp- 
tion of glomerular filtrate through dam- 
aged tubular epithelium, and there seems 
to be no need of invoking swelling of the 
kidney to explain it. 

Effects of Obstruction of the Low- 
er Urinary Tract Upon the Tubules. 
It is conceivable that urinary formation 
may be impeded either by edema of the 
kidneys or by precipitation of material 
within the tubular lumens but there is 
little in the literature to suggest that 
either event occurs to such a degree as to 
raise intrarenal pressure above glomerular 
filtration pressure. Pathologists have e^'i- 
dently not been struck by any appreciable 
increase in the water content of anuric 
kidneys. This may be a postmortem arti- 
fact, but the observations of surgeons may 
also be deceptive since Culpepper and 
Martin®' have noted that even gentle 
handling of the firing dog’s kidney results 
in an increase of intrarenal pressure meas- 
ured directly. The matter of intrarenal 
pressure is discussed later; it is sufficient to 
say here that nothing is really known 
about the pressure exerted by interstitial 
edema in renal disease. Obstruction of 
the ureter or renal vein would certainly 
raise intrarenal pressure to an important 
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level but would uot, of course, be logically 
treated by decapsulation. 

It is also generally now thought that 
tubular obstruction by casts or precipi- 
tated pigment is a relatively unimportant 
factor in reducing urinarj’’ 

It has been repeatedly observed, for ex- 
ample, that spontaneous diuresis in these 
conditions is not accompanied by any out- 
pouring of casts or cellular detritus. 
Except, therefore, for the rare instances of 
neoplastic or Ijunphomatous infiltration 
of the kidney, increased intrarenal pres- 
sure due to intratubular hydronephrosis 
appears to be an unimportant cause of 
anuria. 

Intrarenal Pressure. Despite all 
the assertions that increased intrarenal 
pressure is an important etiologic factor 
in anuria, we have failed to discover any 
recorded instances in which this pressure 
has been measured. Neither have we 
found any reliable direct estimations of 
normal intrarenal pressure. Brodie’’ at- 
tempted to measure the general tension 
of the renal substance vdthin the capsule 
during active diuresis but his technique 
was not described and his admittedly 
inaccurate results indicated a tension of 
about 40 mm. Hg, a figure which is 
almost certainly too high. lYinton*'” 
made certain observations on isolated 
blood perfused kidneys of the dog which 
allowed him to caleulate a hypothetical 
intrarenal pressure under those abnormal 
conditions. He found that a rise in 
ureteral pressure would fail to affect the 
urinary flow unless it exceeded a certain 
level, often about 10 mm. Hg. He at- 
tributed this to intrarenal pressure exerted 
laterally on some distal part of the tubules 
which kept them collapsed until they 
were forced open by urine under pressure 
just in excess of that in the renal tissue. 
Based upon that idea, indirect determina- 
tions of intrarenal pressure were made 
by measuring the ureteral pressure which 
must be exceeded to produce a perceptible 
fall in urinary flow. His figures varied 
from 4 to 14 ram. Hg, with a typical 
value of 10 mm. Hg. Winton states that 


decapsulation commonly halves this intra- 
renal pressure and that diuretics vdll ele- 
vate the pressure to 20 or 30 mm. Hg. 
From theoretical considerations of an 
“artificial nephron,” Peters"’® states that 
an increase of a few millimeters of mer- 
cury in intrarenal pressure is sufficient to 
cause oliguria or anuria, predicts that 
bilateral decapsulation vdll reduce intra- 
renal pressure by about 50 % and ad\dses 
immediate operation whenever it is sus- 
pected that tubular dilatation, interstitial 
edema, inflammatory exudate, swelling of 
tubular epithelial cells, or invasive neo- 
plasms may be causing intracapsular en- 
largement of the kidneys. Similar recom- 
mendations were made for the treatment 
of post-transfusion anuria,^”® but no sta- 
tistics or case reports are offered. 

Accurate measurement of the inter- 
stitial fluid pressure in the mammalian 
kidney is almost a technical impossibility 
because of its anatomic position and be- 
cause bleeding results from the smallest 
puncture. One of us (W. S. C.) attempted 
to measure intrarenal pressure under vari- 
ous conditions by a method similar to 
that used by Henderson and associates,®” 
Burch and Sodeman,^' and IVells and co- 
workers“' in their various studies on intra- 
muscular, subcutaneous and intracuta- 
neous pressures. The apparatus consists 
of a No. 22 needle with lateral openings, 
a calibrated adapter with 1 mm. bore 
containing isotonic sodium citrate, and a 
water manometer with rubber bulb at- 
tachment for varj-ing the pressure upon 
the citrate column in the glass adapter. 
When the pressure in this system is 
raised, the intrarenal pressure is taken to 
be that at which the fluid column just 
begins to move into the tissue. 

Preliminary acute experiments have 
shown this intrarenal pressure to be 
profoundly influenced by ureteral pres- 
sure, systemic blood pressure, venous 
pressure, the state of the renal arterioles, 
and induced diuresis. As previously 
stated, mere handling of the kidney in an 
anesthetized flog has produced the ap- 
pearance of renal congestion, darkening 
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in color, and a rise in intrarenal pressure 
to a level about tmce that of normal. 
In a small series of unanesthetized dogs 
with kidneys explanted to the lumbar 
region, Culpepper^® also made repeated 
intrarenal pressure determinations through 
small nicks in the skin. Results varied 
in the normal animal from about 7 to 
21 cm. of "water with an average of about 
16 cm. of water. 

If it is assumed that increased intra- 
renal pressure may cause anuria, what is 
the mechanism of production? Does intra- 
renal pressure obstruct the outflow of 
blood or urine or of both? Stropeni*®^ 
and Hiilse and Litzner®® have observed 
that decapsulation increases renal blood 
flow in dogs, but apparently no one has 
studied the matter in trained conscious 
animals by modern clearance techniques. 

As for the possibility of intrarenal pres- 
sure obstructing the outflow of urine in 
the kidney, it can only be said that we 
do not know. However, Winton^^ is of 
the opinion that even in the normal kid- 
ney the intrarenal pressure is not an insig- 
nificant hindrance to urinary flow down 
the tubules; were the pressure removed 
enthely he believes the urinary flow 
would be 50 to 100% higher. Hence, it 
is not inconceivable that elevated intra- 
renal pressure from various causes may 
obstruct the outflow of both the blood 
and urine from the kidney, but until 
experimental studies of intrarenal pressure 
in anuric animals before and after decapsu- 
lation have been made, we shall not know 
whether decapsulation is indicated in the 
treatment of human anuria. 

DECAPSUL.moN. The clinical reports 
of experiences with decapsulation are even 
less persuasive than the physiologic and 
pathologic observations. This is the situa- 
tion possibly because no one reporter has 
had extensive experience but also because 
the protocols are usually incomplete, the 
diagnoses often uncertain, and the e.x- 
pected mortality rates under conservative 
management but crudely understood. It 
is certain too that failures are apt not to 


be recorded so that the statistics are 
heavily weighted in favor of surgical 
cures. We have examined the English 
literature over the past 20 years with the 
following results. 

Postoperative and Reflex Anuria. Suc- 
cessful decapsulation for anuria following 
appendectomy in children has been re- 
ported 3 times.^^'®®'®® Hyman®® had the 
same experience in another child in whom 
anuria developed after multiple fractures 
and surgical correction. Muschat and co- 
workers,®® and Hall®® each reported a 
recovery from anuria following ureteral 
dilatation and cystoscopy, but Lowsley 
and Harbach’® had 2 deaths under com- 
parable circumstances. 

Crush Syndrome. We found only 1 case 
report®^ and that patient died. By- 
waters’® states that when the syndrome 
is ordinarily recognized, one may expect 
only about one-third of the patients 
treated to recover. 

Postpartum Anuria, Including Cortical 
Necrosis. Three successful experiences®®® • 
74,112 must be contrasted with 4 fatali- 
ties.®’'"®'’®’ 

Post-transfusion Anuria. Eight recover- 
ies have been reported by as many au- 
thors.®^''’®'®’'’®®'”®’”''’®®'’®® Prior to this, 
Beraud® reported a failure and Bancroft® 
a recovery. The mortality rate in this 
small group of cases certainly compares 
favorably wdth the overall mortality rate 
of 52% in the 200 cases collected by 
Hesse®"* and the similar mortality rates in 
reports of smaller series by Bordley,® 
Daniels and associates,®® and Goldring 
and Graef.®® It may be that these experi- 
ences lend support to the recommenda- 
tions of Peters,’®® particularly if the 
operation is done early. The military 
experience in the last war has not yet 
been reported, but numerous personal 
communications suggest that it was not 
encouraging. 

Sulfo7iamidc Nephrosis. Although diffi- 
cult to do so, we have tried to exclude 
those cases in which the anuria was 
apparently due wliolly or in large pari 
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to obstruction of the lower urinarj' tract 
by crystals. The cases are too few in 
number to be of great significance, but 
6 successful cases of decapsulation for 
anuria associated ndth sulfonamide ne- 
phrosis'3'‘«'9^-i"'3-«9’i« and 1 death« have 
been reported. 

Chemical Nephrosis. Eight cases of 
mercuric cldoride poisoning har'e been re- 
ported until 5 recoveries^'-®*'^''^'^^®'^" and 
3 deaths.^'®^'*^- Recoveries follounng poi- 
soning due to bismuth’®* and saponated 
cresoF*^ were seen, but death followed 
operation in 1 case in which the anuria 
was attributed uncertainly to methyl 
alcohol.*®® The bichloride series is cer- 
tainly not large enough to justifj- com- 
parison unth medically treated cases. 

Nephritis. Although the rationale for 
treating glomerulonephritis is not clear to 
us, we have included 2 cases of patients 
who survived both the operation and the 
disease’®'*® and 3 who did not.*®'’'”® 

Thus, a total of 48 cases of anuria have 
been treated by decapsulation with a 
total mortality rate of about 32% (15 
cases). Exactly half of these were sub- 
jected to unilateral operation only, and 
the mortality rate for this group of 
24 cases was 16.6% (4 cases). Among 
the 24 cases in which both kidneys were 
decapsulated the mortality rate was 45.8 % 
(11 cases). 

It would, of course, be foolish to deny 
the possibility that interstitial edema con- 
tributes to the oliguric state, particularly 
in the face of descriptions like that of 
Reid, Penfold and Jones,*** who decapsu- 
lated a pair of kidneys forpost-transfusion 
anuria : “ Both Iddneys presented the same 
appearance; about twice the normal size, 
dark blue, and as firm as a tennis ball but 
less elastic. The capsules seemed very 
tense, a pale blue friable kidney bulged 
through the lines of incision owing to 
increased intracapsular pressure. The 
left kidney almost exploded and pieces 
of friable tissue were taken for micro- 
scopy.” Directly opposed to this is a 
statement by O’Sullivan and Spitzer*®' 


who decapsulated kidneys in 2 cases of 
acute renal failure following abortion; 
“We could not conxnnce ourselves that 
the kidneys in these cases were under 
tension at operation and we considered 
the operation tilted the scale rapidly 
against the patients.” Consecutive case 
reports of post-transfusion anuria in the 
same issue of 1 journal arrive at contra- 
dictory conclusions; 1*®’ attributes recov- 
erj-^ to unilateral decapsulation, although 
6 days after operation the blood urea 
nitrogen rose from 400 to 600 mg. per 
100 cc., whereas the other®® saw sponta- 
neous diuresis on the 12th day with a 
blood urea nitrogen of 320 mg. per 100 cc. 
These citations illustrate the confusing 
clinical descriptions and emphasize the 
need for further experimental work. 

Conclusion. Important as a large vari- 
ety of prerenal influences may be in pre- 
cipitating urinary suppression, the existing 
exddence favors the belief that the most 
important factor in maintaining the oli- 
guric state is the appearance of tubular 
lesions which permit e.xcessive reabsorp- 
tion of glomerular filtrate. Little e.xperi- 
mental, pathologic and clinical evidence 
has been found to support the belief that 
increased intrarenal pressure is a signifi- 
cant feature although it may be true that 
decapsulation has usually been performed 
too late. 

A reriew of the literature on the subject 
in English for the past 20 years indicates 
that, ufth the possible e.xception of post- 
transfusion anuria decapsulation has not 
improved the recovery rate from anuria 
due to circulatory disturbances in the 
kidney or to toxic nephrosis. On the con- 
trary, it suggests that if decapsulation is 
going to be done at all, it should be re- 
stricted to 1 kidney. Aluch experimental 
xvork is needed on the subject of intra- 
renal pressure. Until this is forthcoming, 
decapsulation of the kidnej' for the relief 
of anuria or oliguria must be regarded as 
an empirical therapeutic measure of un- 
proved value. 
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DENVER, 

When Newman’^ in 1938, in this same 
publication, reviewed the status of electro- 
encephalography, the electroencephalo- 
graph had been in use in the United 
States for approximately 3 years. Since 
the first of January 1938 until July of 
1946, 842 articles which are concerned 
with some aspect of electroencephalog- 
raphy are listed in the Cumulative Index 
Medicus. It is evident that a large amount 
of work has been done in this field and 
considerable progress has been made. 

Today the electroencephalograph is 
firmly established as an accepted and reli- 
able laboratory procedure. This has been 
accomplished in spite of the fact that its 
possible value, and especially the inci- 
dence of cortical dysrhythmia in certain 
conditions, has continued in unabated 
dispute. However, to such competent 
investigators as Dr. and jMrs. Gibbs, 
Jasper, Lennox, Robert Schwab, Korn- 
mullcr. Gray Walter, the Davis’ and 
others, we owe the basic and sound prin- 
ciples of electroencephalography without 
which continued advancement would be 
im]>ossiblc. 

Unfortunately this examination is not 
available to many physicians in the L'nited 
States. This was very evident in a recent 
unpublished survey made by one of us 


COLORADO 

(F. G. E.) concerning graduate neuro- 
psychiatric training in North America. 
It was surprising to find that many medi- 
cal schools and institutions of good repu- 
tation have no functioning electroenceph- 
alograph laboratory. Many of these 
schools and hospitals stated that a labora- 
tory would be set up if and when a trained 
electroencephalographer would join its 
staff; furthermore, there are many cities 
of approximately | million population or 
less which do not have this service and 
there are several states which have no 
electroencephalograph functioning within 
their boundaries. 

Clinical Applications. To the prac- 
tising physician the contribution of the 
electroencephalogram as a diagnostic aid 
in those patients complaining of seizures 
is one, if not the most important, of its 
uses in clinical medicine. Lennox®® has 
estimated that at least 1 person in 200 
(0.5% of the general population) in the 
United States have or have been subject 
to recurrent seizures. It is obvious that 
such a large group of severely handicapped 
individuals present an economic as well 
as hygienic problem to our nation. To 
accurately diagnose, treat and, perhaps, 
spmeda\' prevent the occurrence of epi- 
lepsy is directly concerned with electro- 
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encephalographic findings. It is generally 
accepted that between 80 and 90% of 
unselected adult epileptics mil show e\'i- 
dence of cortical disturbance by electro- 
encephalographic examination.^^'^^’®”'®® It 
is true that a rather large percentage of 
epileptics have a type of electroencephalo- 
graphic abnormality which at present can 
only be regarded as a non-specific 'type of 
disturbance. Perhaps in the years to come 
these “non-specific” disturbances will be 
understood and used as a therapeutic 
guide. Until the work of Lennox/® the 
attempts to use the electroencephalogram 
as a therapeutic guide were very dis- 
couraging. 

Lennox found a definite correlation be- 
tween type of seizure, electroencephalo- 
graphic abnormality and the therapeutic 
response to tridione. He describes these 
types of clinical seizures, which he calls 
pyknoepilepsy, myoclinic epilepsy and 
akinetic epilepsy. If patients mth such 
seizures had electroencephalograms show- 
ing a 3 per second spike wave (Fig. 1 C) 
the therapeutic result following the ad- 
ministration of tridione was excellent. 
This electroencephalographic abnormality 
is a specific one, and has been referred to 
by Gibbs and Lennox as the “petit mal” 
type of dysrhythmia. Lennox also found 
that patients with similar clinical seizures, 
but mth other types of electroencephalo- 
graphic changes (Fig. 1 H) did not re- 
spond favorably to the administration of 
tridione. 

Although epilepsy has always been 
thought to have an hereditary predisposi- 
tion, it is amazing to find that the avail- 
able information regarding this important 
subject is relatively meager. Again, Len- 
nox and Gibbs'® are the leading contribu- 
tors. Their studies on monozygotic and 
dizygotic twins leaves little room for 
doubt as to the influence of heredity on 
the configuration of the brain wave pat- 
tern. A person may have an abnormal 
brain wave pattern without manifesting 
clinical seizures." This indi\-idual, if the 
abnormality can be considered of cr\-pto- 
genic origin, actually carries a predisposi- 


tion to epilepsy. Lennox has arrived at 
several definite conclusions based on elec- 
troencephalographic findings which are 
concerned with the adrisability of epilep- 
tics marrying and having children. He®' 
states “The marriage of 2 normal persons 
who both carry a predisposition to seizures 
is worse than the union of an epileptic 
mth a person who has no predisposition 
— a 'normal' person who carries a predis- 
position 's as likely to have an epileptic 
offspring as an out and out epileptic.” 
Lennox also believes that “the hereditary 
factor in epilepsj' is about the same as in 
diabetes, one-half that in obesity and one- 
eighth that in migraine.” 

Many investigators'^ have stud- 
ied the relationship of electroencephalog- 
raphy to post-traumatic epilepsy. Its 
value as a guide for surgical removal of 
the irritated area is of special impor- 
tance.^® 

Penfield and Erickson,®® working with 
Jasper, state that the presence of a 3 per 
second spike and wave (the petit mal 
pattern) practically rules out possible 
surgical intervention. However, the pres- 
ence of focal electroenceplialographic ab- 
normality makes further Investigation 
mandatory. As a rule, the post-traumatic 
epileptic is more apt to have a dysrhyth- 
mic electroencephalogram than is the 
patient with cryptogenic seizures. The 
post-traumatic epileptic is much more 
likeli.' to ha\-e a focal disturljance (Fig. 1 B) 
but at times latent focal changes may 
pass undetected. Walker’®® has appar- 
ently partially solved this problem by 
studying the records of patients suspected 
of post-traumatic epilepsy during the 
injection of small amounts of metrazol. 

A preUous latent abnormal focus is apt to 
appear, revealing the area of localized 
brain pathology. 

Accurate information of the incidence 
of electroencephalographic changes in post- 
traumatic conditions has increased consid- 

erablv S.I5,33.25,r5.41.53.W.TC.79.S0.53.100.I03 Tlll’s 

gain was largely at the expense of nume 
ous sendee men injured in the line of dut 
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However, this new knowledge was put to 
good use and frequently, on the basis of 
an electroencephalogram, the disposition 
of a soldier was decided. The electroen- 
cephalogram was of particular importance 
in those individuals who had suffered a 
head injury and continued to have subjec- 
tive complaints, but had no positive ab- 


normal neurologic findings. The progres- 
sive improvement, the degree of abnormal- 
ity, its presence or absence, were all used 
by the military physician in the evaluation 
of the post-traumatic condition. From 
Noell’s™ report it is obvious that the 
German military used this examination 
for similar purposes. 
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Fig. 1.— formal EEG’S. A, S.5 to 12 per second waves— alplia rhythm; B, low voltage fast* activ- 
ity-beta rhythm. Abnormal EEC'S. C, Three per second spike and wave— petit mal t3-pe:* Z>. 
paro.Kysmal fast aotirdty— grand mal type;* E, sj-mptomatic epilepsy* (focal abnormality in fourth 
channel, compare to tliird);3, slow waves following a severe head injury; G, phase reversal in a brain 
tumor. 


* Terms used by Gibbs and Lennox. 
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It is evident that minor head injuries 
produced very transient changes in the 
electrical cortical activity In the 
severe head injuries, in those patients free 
of seizures, there frequently is a gradual 
improvement in the record up to 2 years 
after the injury. If the patient suffers 
from post-traumatic epilepsy, the im- 
provement of the electroencephalogram is 
negligible over a comparable period of 
time.®^ Patients who hai'e suffered head 
wounds with dural penetration are much 
more apt to have electrical cortical changes 
than those with closed head injuries, 
l^iiliams’®® found that the pattern was 
disturbed in 94% of the patients e.xamined. 
Ivornmiiller®^ found 37 % slightly disturbed 
and 50% very disturbed. One of us 
(E. W. B.) found a slightly lower percent- 
age of disturbed electroencephalograms in 
a series of 103 patients with penetrating 
wounds of the skull® (Fig. 1 F). 

In civilian life the introduction of the 
electroencephalogram as evidence in medi- 
co-legal disputes is gaining in use. This 
rather complex subject has been recently 
reviewed by Gibbs.®- 

Electroencephalographic localization of 
expanding intracranial lesions (Fig. 1 G) 
has shown little, if any, improvement since 
the report by Williams and Gibbs in 
1938.*®® A very extensive study of intra- 
cranial neoplasms was recently presented 
by Hoefer, Schlesinger and Penjies.'** 
Their review included 543 cases of brain 
tumors of which approximately 70 % were 
localized by electroencephalograms. Deep 
seated tumors and posterior fossa tumors 
are responsible for most of the nou-localiz- 
able tumors. Smith, Walter and Laidlow®' 
report good localization of posterior fo.<;sa 
neoplasm but this is certainly not the rule. 

The psychoses a.ssociatefl with chronic 
alcoholism,®®'*® syphilis.-’® arteriosclerotic 
aiu! senile brain'® disense, arc nil fre- 
quently accompanied by fiisturbed corti- 
cal rhythms. Both the severity of clinical 
symptoms anri the presence of sympto- 
matic epilepsy directly affect the degree 
ami inridcnce of eieetroeneephalographie 
abnormality. 


Liberson and Seguin®** have observed in 
arteriosclerotic and senile mental patients 
a much higher percentage of abnormal 
electroencephalograms if the patient ex- 
hibits the clinical symptoms of confusion 
and marked irritability. Greenblatt and 
Letdn®® found double (90%) the incidence 
of abnormality in those patients with cen- 
tral nervous system syphilis and seizures 
as compared to those without seizures 
(44%). In general, in all organic brain 
disease the abnorma ity of the electro- 
encephalogram tends to parallel the clini- 
cal findings. However, it is possible to 
find normal rhythm in patients vith 
severe mental changes. The mere presence 
of a normal electroencephalogram does 
not make the psychosis “functional’’ 
rather than organic. 

The vague complaint of “ fainting spells” 
or “black-out spells” is a difficult clinical 
and therapeutic problem. The etiologic 
factors of short periods of unconsciousness 
are numerous and include a hypersensitive 
carotid sinus mechanism, epilepsy and 
hysterical reactions. Levin, Katz and 
Greenblatt®’ studied a large series of pa- 
tients with fainting spells and found that 
some patients had true epileptoid mani- 
festations such as an aura, tongue biting, 
muscular rigidity or clonic movements 
during the attack. These patients showed 
a high percentage of electroencephalo- 
graphic abnormalities and should be cor- 
rectly diagnosed as having minor epileptic 
seizures. In addition there are some 
p.atients who display no epiieptic-iikc signs 
yet have typical epileptic electroencephalo- 
grams. These patients respond to the 
usual .anti-coinulsant medications. Most 
patients with “fainting spells” will have 
normal inter-syncopal electroencephalo- 
grams. Engel and Romano®® report that 
in those patients with tnie vaso-depressor 
or carotid sinus syncope, n fliffuse slowing 
of the brain waves accompanies the period 
of unconsciousness. They" believe that if 
the patient has a “fainting spell” during 
the eieetroeneephalographie examination 
and no change in cortical rhythm is record- 
e<l, the spell e;in be cla.^.sih'ed ,'i,s hysterical. 



NEtmOLOGY AND PSYCHIATRY 


113 


However, other investigators^® have re- 
ported little or no change in cortical 
rhythm during carotid sinus syncope par- 
ticularly of the “cerebral type.” 

Wilson’s’^®® concept that narcolepsy and 
epilepsy are etiologically similar has re- 
sulted in confusion in the minds of clini- 
cians because the electroencephalograms 
of narcoleptics are frequently negative. 
Cohn and Cruvant® claimed to have found 
in narcoleptics “wave forms similar to 
those most commonly observed with the 
epileptics.” Judging from the evidence 
they present, we do not feel that their 
conclusions are wholly justified. Dynes 
and Finley^® in a study of 22 cases found 
no electroencephalographic abnormalities 
which would indicate a relationship to epi- 
lepsy. Blake, Gerard and Kleitman^ ex- 
pressed the opinion that normal sleep 
could be distinguished from narcoleptic 
sleep by the precipitous onset of sleep 
waves in the latter condition. It appears 
that, from an electroencephalographic 
standpoint, the only confirmatory evidence 
in the support of the diagnosis of narco- 
lepsy rests upon the occurrence of a spell 
of uncontrollable sleep during the record- 
ing with an accompanying precipitous 
onset of sleep waves. 

The medical literature concerned with 
the incidence and importance of disturbed 
electroencephalograms in behavior prob- 
lem children, adult psychopathic personali- 
ties and criminals is confusing and filled 
with contradictions. Following the initial 
report of Jasper, Solomon and Bradley,"'® 
many authors have published electroen- 
cephalographic studies of children with 
behavior disorders and have found, ac- 
cording to their criteria, a high percentage 
of cortical dysrhythmias.® •^•®'‘-^®'®’'®® These 
percentages range upward to almost 90%. 
Some of the reports state that the abnor- 
mality most frequently found resembles or 
is identical with that encountered in epi- 
lepsy. However, Secunda and Finley®® 
have expressed the opinion that the ab- 
normality is an immature rhythm which 
is not commensurate with the patient’s 
chronologic age. It has also been stated 


that enuresis, which reflects immaturity, 
is the only neurotic trait that occuts in 
positive association with abnormal electro- 
encephalograms."'’’® Based on the as- 
sumption that the disturbed cortical 
rhythm is in some way connected with 
the antisocial or undesirable behavior, 
drug therapy has been attempted and good 
results reported. Cutts and Jasper'® re- 
ported beneficial results with benv^edrine. 
Lindsley and Henry®® agreed that benze- 
drine produced “strikingly improved be- 
havior” and also found dilantin of value. 
The favorable behavior response following 
dilantin medication has been confirmed 
by others,'®® but all agree that phenobarbi- 
tal should not be used and that no appre- 
ciable alteration can be observed in the 
electroencephalograms. Some people have 
reported an increase in the incidence of 
electroencephalographic abnormalities in 
behavior disorders or poorly adjusted 
children, yet are very cautious in their 
conclusions.®®’’' Solomon, Brown and 
Deutsche!’®® commented; “Studies and 
results to date do not warrant further 
interpretation or clinical application in 
diagnosis, therapy or prognosis.” 

Jenkins and Pacella"" agree that abnor- 
mal electroencephalograms are frequent 
in certain delinquency problems and they 
attribute this to an “organic” factor. 
They conclude that: “Electroencephal- 
ography does not contribute to the expla- 
nation of most cases of delinquency. IMost 
instances of stealing, particularly group 
stealing and kindred activities, do not 
suggest the presence of an organic factor; 
rather, the contrary. These cases do not 
show a high incidence of abnormal 
EEC’S.” 

Numerous investigators'®’"'®’®®’®’’®®’®® re- 
ported a high percentage of electroen- 
cephalographic abnormalities in persons 
diagnosed as a “psychopathic personal- 
ity” and in criminals. Silverman®’’®® re- 
ports that 75 to 80% of criminal psycho- 
paths have abnormal or borderline trac- 
ings. Gibbs, Bloomberg and Bagchi®® in 
a preliminary report tended to support 
Silverman’s findings. In the subsequent 
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publication-^ they corrected their evalua- 
tion of EEG normality wth the factor of 
age and found no significant correlation 
between the EEG and the tj'pe of criminal 
behavior. They concluded: “Since the 
EEG is a fairly reliable indicator of epi- 
lepsj' and organic brain disease, it seems 
reasonable to conclude that subclinical 
forms of these disorders are not contribut- 
ing factors in a significant fraction of the 
‘sane’ criminal population.” In a study 
of persons diagnosed as constitutional 
psj^chopathic state in a military setting, 
Simon, O’Leary and Ryan®® found a 
somewhat higher incidence of abnormal 
records than would be expected in a 
group of normal controls but were 
unable to find any relationship “between 
the severity of different manifestations of 
psychopathy and the incidence of abnor- 
mality in records.” 

The types of normal rhythms which 
occur in the psychoneurotic indi\ddual and 
the patient suffering from a functional 
psychosis is an intriguing but e.vtremely 
complex subject which is difficult to evalu- 
ate. The complexity is aggravated by the 
numerous s^'steins which have been em- 
ployed in analyzing the records as to the 
preponderance, presence or deficiency of 
certain frequencies of brain waves. It is 
possible that more accurate and con- 
sistent results will be obtained with the 
use of an analyzer similar to that devel- 
oped by Walter,^®* 

Most of the electroencephalographers 
agree that beta waves, or low voltage fast 
activity, are more frequently found in e.x- 
cess in psychoneurotic indhn'duals®'®* than 
in a normal control group. However, a good 
or dominant alpha rhj-tlim has been re- 
ported in patients with duodenal ulcers'*'’'®® 
and asthma®* believed to be on a psycho- 
somatic basis. Large amounts of beta 
activity (low voltage fast) :ind weak alpha 
rhythms arc reported in schizophrenias, 
while a high incidence of manic-depressive 
patients arc said to have a “strong” or 
“medium strength” alpha rhythm.**'*-’ 

Physiologic and Pathologic Inyes- 
TiG.vno.vs. In the last 9 years the most 


important advance in the interpretation 
and evaluation of electroencephalograms, 
in our opinion, centers upon the realiza- 
tion that the- age of an adult is a factor 
which must always be considered when 
one speaks of a normal electroencephalo- 
gram. Berger,® Lindsley,®®'®® and Smith®’ 
reported the characteristics of the electro- 
encephalograms of children and the nor- 
mal progression from slow to faster activ- 
ity wliich occurs from infancy to adult- 
hood. Daids*® observed the changes in 
cortical rhythm which accompany old age 
and Greenblatt®® and Gibbs®® reported 
that fast actimty increases until the ap- 
proximate age of 55, after which a decline 
in frequency is the expected trend. It 
was pren’ousli'' reported that the degree 
of slomng produced by hyperventilation is 
related to the patient’s age.®*'®® This slow- 
ing is referred to by Gibbs as a “ build-up ” 
and the response of marked slowing or a 
“big build-up” decreases in frequency as 
the age of the subject advances. 

The fluctuations of cortical rhythm 
which are produced by variations in blood 
sugar levels are now well known.*®'®* The 
misleading findings of increased slow waves 
which can result if a record is made after 
prolonged fasting are now avoided. Sen- 
sitin'ty to hyperventilation which accom- 
panies hj'poglycemia is expected and taken 
into consideration.®®'®* Attacks of spon- 
taneous hypoglycemia®’ are accompanied 
by a slowing of the brain waves which 
definitely explains the mental symptoms 
and may have some diagnostic value. 
Strauss and 'Wcchsler®® have observed 
that psychoneurotics have “an unusual 
lability of the EEG to hj-pervcntilation 
in the presence of normal blood sugar 
%'aiucs.” Tiic.v also found a relationship 
between nervous complaints in the morn- 
ing and the development of delta acti%Tty 
during hyperventilation in the fasting 
state. 

Giittner and Bonkulo*" rej)orted that 
fatigue wjis accompanied by changes in 
cortical rhythm. Kornmiiller®® in his 
recent book ticscrilied the appearance in 
the frontal lobes of choppy activity, poor 
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alpha rhythm and occasional slow waves 
in both acute and clu’onic fatigue states. 
Barnes and Brieger- examined 26 medical 
students and 1 professor “ before the 
beginning of a typical day of classes and 
at the end of it.” They failed to find 
any electroencephalograpliic change which 
could be considered evidence of mental 
fatigue. Kornmuller, at least in part, , 
based his observations on the examination 
of aviators with flying fatigue which is 
not analogous to the condition of the 
medical students. Under any circum- 
stances continued investigation is cer- 
tainly justified. 

Dynes^’^ recently brought to attention 
the interesting previously observed phe- 
nomenon®® that there is no distinct differ- 
ence in the electroencephalogram of a 
person in a hypnotic trance and in the 
normal waking state. He points out that 
the hypnotic state is often spoken of as 
“an artificial sleep” or “sleep-like state.” 
Just what hypnosis is, is still unexplained, 
but from the electroencephalograpliic find- 
ings it can be concluded that it is not a 
sleep variant. 

Although there is no direct correlation 
between electroencephalograpliic abnor- 
mality and migraine,®® an interesting elec- 
troencephalographic observation was made 
by Engel, Ferris and Romano. They had 
previously encountered, in a study of de- 
compression sickness, a migraine-like syn- 
drome.®® Focal electroencephalograpliic 
abnormality was recorded during the sco- 
toma of the migraine-like headache. Be- 
cause of the similarity between this 
sjmdrome and true migraine, electi'oen- 
cephalogranis were obtained on 3 subjects 
vdth migraine while experiencing scoto- 
mas. In all 3, abnormal electrical activity 
from 1 occipital cortex was demonstrated. 
This finding is evidence in favor of local- 
ized vasospasm which results in the scin- 
tillating scotoma.'® 

Electric shock, metrazol shock and in- 
sulin coma therapy all produced changes 
in the electrical rhythm of the cortex. 
Insulin treatment'’® results in a compara- 
tively mild slowing of the rhytlim, while 


metrazol®' and electric shock'® therapy 
produce more drastic changes. The 
degree of slowing, as would be e.xpected, 
is influenced the number of treatments 
and the time interval between each 
shock. Some patients seem to have a 
cortical rhythm which is resistant to 
change but this is a variable factor. The 
post-treatment abnormal electroencephal- 
ogram gradually returns to normal in a 
few weeks to a year after the termination 
of treatment. Some patient’s electroen- 
cephalograms ne\’^er return to normal, 
but a pre-shock EEG of such patients 
usually show evidence of a cortical dys- 
rhythmia. Spontaneous con\ailsions have 
been reported following convulsive shock 
therapy. The 2 cases reported by Pacella 
and Barrera" had brain wave tracings 
prior to shock which were abnormal. It 
is probable that the treatment precipi- 
tated latent convulsive tendencies. At- 
tempts have been made to correlate 
the pre- and post-shock electroencephalo- 
graphic findings with clinical improve- 
ment, but the results have been of little 
value. One group®® working entirely with 
schizoplu-enics found that the presence of 
an abnormal pre-shock tracing indicated 
a poor prognosis. A second group' which 
studied both schizoplu-enics and psycho- 
neurotics were cautious in their conclu- 
sions, but felt that: “There is a suggestion 
that patients with pre-shock borderline- 
abnormal EEG’s profit more as a group 
by shock treatment than those with nor- 
mal EEG’s.” 

Tech.\ical Coxsideratioxs axd the 
Future of ELECTROExcEPHALOGRAPm'. 
During the past decade the manufacturers 
of electroencephalographs have improved 
their machines and undoubtedly will con- 
tinue to do so with the return of critical 
material to chfilian use. Repeated at- 
tempts have been made to devise a simpler 
method for appljnng the electrode to the 
scalp. Several mechanical methods which 
involve a headgear'®-'®' have been devel- 
oped as well as a clip-on electrode'® and 
an adhesive non-drying electrode paste.'®® 
Only e-xperience will pro\-e whether or not 
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these techniques have any real advantage 
over the time-honored use of collodion 
applied electrodes. 

Although the knowledge of electroen- 
cephalography has increased considerably, 
it has been somewhat hindered bj' lack 
of standardized techniques and uniform 
interpretation of electroencephalograms. 
Controversy has arisen over certain meth- 
ods of frequency analysis and their valid- 
ity. This is reall3' a wholesome normal 


progression of events and is to be expected 
if advancement is to continue. During 
the j'ear 1946 the formation of the Eastern 
Association of Electroencephalographers 
Avas a definite step forward and provided 
the much needed opportunity for group 
discussion. The recent organization of the 
American Society of Electroencephalog- 
raphers maj' provide this and other ad- 
vantages to the electroencephalographers 
throughout America. 
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Diagnosis in Sterility. Proceedings of 
Conference Sponsored by The National 
Committee on Maternal Health, Jan. 26- 
27, 1945, New York City. Edited by 
Earl T. Engle. Pp. 237. Springfield, 
111.: Charles C Thomas, 1946. Price, 
S5.00. 

This volume assembles in a verj' readable 
form a considerable amount of the current 
thinking upon the problems encountered in 
the investigation of infertile couples. Its 
contributors are experts in their respective 
fields. The chapters on semen analysis are 
very informative. Each chapter in the book 
includes a discussion by various members 
of the conference, and the papers are alt 
ably and interestingly summarized by Dr. 
Rock. The volume of necessity does not 
cover completely all aspects of the subject. 
It would have been of considerable interest 
if a paper had been included upon the timing 
of ovulation as recently reported elsewhere 
by Farris. In spite of the limited field of 
topics presented at the conference, the 
volume is well worth the attention of everj'- 
one concerned in the treatment of human 
infertilitjL D. M. 

Experijiental Hypertension. By Wil- 
LLAM Goldring, Richard J. Bing, Edu- 
ardo Cruz Coke, W. D. Collings, L. W. 
Donaldson, M. L. Goldberg, Harry 
Goldbiatt, B. Gomberg, Arthur Groli^ 
M.AN, C. A. Johnson, Olh-er Kaxim, 
Luis F. LEloir, H. AIinatoya, W. G. 
Moss, Eric Ogden, Iritne H. Page, 
John W. Rexhngton, L. A. S.apirstein 
and G. E. Wakerun. Being the Results 
of a Conference on This Subject Held by 
the Section of Biologj’, of The New York 
Academy of Sciences, Feb. 9 and 10, 1945, 
New York CiH. Pp. 179; 60 iUs._ New 
York: New York Academy of Sciences, 
1946. Price, ?3.7o. 

This timely monograph deals primarily 
with recent advances in the study of hu- 
moral and chemical factors in clinical hj’per- 
tension, and the renal type of e.xperimental 
hj-pertension. It is tersely vTitten, with 
appropriate introductions, summaries, illus- 
trations and bibliographies For one wishing 
to bring himself ui>-to-dnte in this field it 
wiU make most profitable reading. W. J. 


A Text Book of Clinical Neurology. 
By J. M. Nielsen, B.S., M.D., F.A.C.P., 
Associate Clinical Professor of Medicine 
(Neurology), Univ. of Southern California; 
Senior Attending Physician (Neurolog}’’), 
Los Angeles County General Hospital. 
2nd ed. Pp. 699; 190 ills. New York: 
Paul B. Hoeber, 1946. Price, S7.o0. 

The 2nd edition of this e.xcellent textbook 
embodies the advances occurring in the 
5 3 fears elapsing since the 1st edition. The 
sections on electroencephalography, the 
physiologj’- of the basal ganglia and cerebral 
cortex, and the use of the sulfonamides have 
been rernsed, and new sections on toxoplas- 
mosis, the use of penicillin in neurologic 
diseases, and the syndrome of neuromuscu- 
lar exhaustion have been added. The 
author’s style is lucid, and the presentations 
of the subject matter clear and concise. He 
incorporates his extensive personal experi- 
ence, rather than presenting merelj' a 
warmed-over compilation of the literature. 
The book is highly recommended both for 
students and general practitioners, while 
specialists in the field will find it interesting 
reading. C. R. 


Some Chapters in Cambridge INIedical 
History. By Sir Walter Langdon- 
Brown, Emeritus Professor of Pln-sic in 
the Univcr.ritj’ of Cambridge. Pp. 119. 
Cambridge: at the University Press; New 
York: Macmillan, 1946. Price, S1.7o. 
Based on a series of lectures to the Roj’al 
Society of hledicine, this account of Cam- 
bridge medical historj’ extends over 4 cen- 
turies. It emphasizes Carlyle’s dictum that 
“histoiY' is the shadow cast by- a few great 
men.” Thus, there are considered such 
men as Caius, Gilbert, Glisson, Hcberden, 
HaHland, Paget, Humphre.v, Foster and 
.41!butt. They are used in turn to illustrate 
the Rerival of Learning, the Dawn of 
Experiment, the In.=urgent Centurj’, the 
Age of Reason, the Beginning of Reform, 
the Rise of the Mcdic.al School, and the 
Transition from the Nineteenth Century'. 
To those who have seen tiie siimmaric.s of 
the.=e lectures in the Proceedings of the Royal 
Society of Medicine, and who he.ard with 
resret of the passing of their cultured and 
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philanthropic author, this more concrete 
form of the material is welcome; for medical 
Cantabrigians it should furnish a useful 
record; to almost any intelligent person it 
should provide pleasant and profitable read- 
ing- ■ 

This is a book for a larger public than its 
title seems to invite, not only because of 
the good selection of subject matter, which 
touches on far more than Cambridge medi- 
cine, but because of the author’s entertaining 
style. E. K. 


Human Genetics. By Reginald Ruggles 
Gates, B.Sc., Ph.D., M.A., LL.D., Fel- 
low of the Royal Society; Emeritus Pro- 
fessor of Botany, Univ. of London; Hon. 
Chairman, Bureau of Human Heredity; 
Past Vice-President of the Eugenics Soci- 
ety, the Royal Anthropological Institute, 
the Linnean Society; Past President of 
the Royal Microscopical Society; some- 
time Associate Professor of Zoology, Univ. 
of California. 2 vols. Pp. 1518; 326 ills. 
New York; Macmillan, 1946. Price, 
-SIS.OO. 

This book is intended as a survey of 
modern developments in the field of human 
heredity. Though %vritten from the point 
of view of a biologist, much of it deals with 
subjects of great medical importance. The 
scepticism of many physicians in regard to 
the findings of the geneticists may be due 
partly to the experimental basis of the 
science, largely a study of heredity in plants 
and lower animals. It is only in recent 
years that human genetics, proceeding neces- 
sarily by analogy rather than experiment, 
has acquired a large body of laiowledge. 

For broad scope and clear presentation of 
an immense amount of detail this book by 
Gates is unique in its field. Here one can 
easily find material dealing with practically 
everj’’ hereditar 5 ’' variation and abnormality 
that has been described. Though much of 
the discussion is interspersed with length}’- 
citations of work done on lower forms, these 
asides are quite relevant in that thej’- demon- 
strate the types of material from which 
theories of human heredity are derived. 

The first volume deals chiefly with the 
heredity of variations and abnormalities of 
organs and organ systems. General jirin- 
ciples of heredity in man are rather briefly 
treated, an elementary knowledge of genetics 
being assumed, A chapter is devoted to eye 


and hair color, another to color blindness, a 
third to disorders of the skeletal system. 
Other systems are considered in a similar 
manner. The heredity of the blood groups, 
very actively investigated in recent years, is 
given an excellent and up-to-date presen- 
tation. 

In the second volume such topics as 
allergy, cancer, susceptibility to disease, 
hereditary syndromes and anthropologic 
characters are taken up. The reader will 
find many controversial points on which 
the author gives rather summary opinions. 
These range from cases where there is actual 
question of whether a disorder is inherited 
or not, e. g., Hodgkin’s disease, to the finer 
points of genetics such as the use of the 
concept of “penetrance.” Anyone desiring 
further information will be greatly aided by 
the hundreds of well-annotated references at 
the end of each chapter. 

The paper is a fairly good war time 
product, the printing and the charts ver}’ 
clear. Genetic symbolism adopted by the 
Federation of Eugenic Organizations is used 
throughout. The relatively few photographs 
are for the most part reproductions, and, 
though of onty fair quality, illustrate the 
A'^arious conditions sufficiently well. 

The author is to be congratulated for 
assembling this most complete reference 
work on an important and neglected subject, 
and particularly for proAuding the interested 
physician with a key to its vast literature. 

C. B. 


Neav Aspects of John and William Hun- 
ter. By Jane M. Oppenheimer, Br 3 'n 
MaAvr College. Foreword by Fenaauck 
Beek-aian. Pp. 188; 5 ills. Neiv York: 
Henrj’ Schuman. Price, .S6.00. 

To the large body of Hunteriana a skilful 
AATiter here adds 2 essays— "Everard Home 
and the Destruction of the John Hunter 
Manuscripts” and “William Hunter and 
His Contemporaries.” Working as a Gug- 
genheim FelloAv at Yale and then at Brjm 
MavT College, she has culled from the mass 
of the data sufficient eAudence to shoAv that 
though Home behaved unwisely “his actions 
Avere not those of a guilty man.” Nor does 
she believe him guilty— rather that he 
foolishly omitted formal acknowledgment of 
his debt to "the poAverful little man of Aa’c 
foot tAA’o AA'ho dominated medical science in 
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iu< ro!ittiry." •‘In ('.roat Britain” shnnl.l 
. have l)fcn aiiiicai. 

Of M illiani HnntcrV lc~s iniiK)rlanf rnrmr, 
Mi-'S ()})j)<'nliciinfr ^fleets n roinjiarativfly 
unknown .'•ido --l)i< tncddlinK in jKilitir-; and 
hi^ contacts witli Queen Charlotte, Pitt, 
alpole and olliers of tlic aristocracy, 
Xeitiier asjvet, liowever, a])i)ears to he cither 
edifyini: or entertaining. tho!i"Ii hotli con- 
firm the estiniaf<' of his narrow fallibility — 
Ins “skew jiatli tf) imapned iK)wer" and 
"a willinmiess to coinjiromise lii? intcCTity” 
that was the antithesis Cjf the natnre of Ins 
creator yoniicer brother. E. K. 

PiUNcirLKs IN Rok-vtocn STrnv (jf thk 
Cnr-sT. By Wii.uam Bnow. Direc- 

tor of Radiolo^'. Bronx Ilospit.ai, Hoent- 
connlocist in -Ciiarpe, Harlem Ifospital. 
Xew ork. Pp. 41-4; oOS ills. Fprinp- 
flcld. 111.: Charles C Thorn.as, 1040. 
Price, ? 10.00. 

This is another book on the chest which 
explores a phase slichtly difTerent from con- 
vcntion.al texts. It iV not an atlas and it is 
not a text. Tiie dc,scriptions of le,sion.s arc 
pi von .in a short and alibreviatcd style verj' 
much as one would prepare an alistr.act. 
Many of the jihy.siolopic and patholopic con- 
-siderations have been completely omitted. 
The author has not attempted to consider 
inana' of the c.xcelient contributions to the 
study of chest diapnosi.?. He docs con.sider 
bronchial .=pasm, carbon dio.xidc ten.=ion, and 


limp circulation briefly but almost e.xcludes 
considerations of the dynamics of the lung, 
about which .=0 much h.as l)ccn written and 
which is so imiKirtant in the consideration 
of any interpretation of lung lesions. 

.As one read.s the text the lack of reference 
in.aterial is felt. The illu.strations, .some of 
which arc pood and some jmr, have inade- 
fpinte lepends and the majority have no 
historx’. One feels the need for illustrations 
made in news other than many of those 
included in the publication. Tlic lack of 
emphasis on differential diapnosis is appar- 
ent throughout. 

The a!T.anpement of the illustrations in 
thi« book is most unusual, fsome are ar- 
ranpcd SAonmotrically and are plea.sinp to 
the eye and others are off-.set, protruding 
into the margin, and the legends are not 
well placed. The index does not refer to 
any of the illustrations but merely refers to 
the .subject matter; on turning to the subject 
matter one may find no reference to any 
illustrations of relatively well-known and 
common lesions. 

The pubhsher as usual has pro^dded 
excellent paper for his book and the print 
is pleasing to the eye. The illustrations of 
good negatives arc excellent, but there are a 
numl>cr of illustrations which do not show 
the lesion that the author intended to 
demonstrate and this is in spite of the fact 
that both space and size of illustrations are 
adequate. E. P. 
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Clinical observations and experimen- 
tal studies suggest that gynecomastia is 
due usually to a disturbance in hormonal 
activity. Although hyperestrinism may 
he the most important f^actor,®''® gyneco- 
mastia has also occurred after the admin- 
istration of androgen'® and desoxycorti- 
costerone,'® " and in conditions associated 
with an increase in gonadotropic hor- 
mone, and a decrease in the 17-keto- 
stcroid®'* excretion. In the present state 
of our knowledge it is not known whetlier 
these observations indicate that gyneco- 
mastia can be produced by a variety of 
uurclatcd disturbances, or whether they 
all act through a common mechanism, 
possibly in the pituitary. 

Clinical evidence of an endocrine dis- 
turbance is obvious in some cases of 
gynecomastia, as, for example, in those 
a.ssociatcd with tumors of the adrenals,'®-®® 
pituitary®® and testes,®-' and in those oc- 
curring with puberty," atrophy of the 
te.stos,®-'-' and hyperthyroidism.®® In many 
eases, however, the endocrine system ap- 
pears to he normal. As the physiology 
of the honnone.s is elucidated and as bet- 
ter methods of assaying hormone activity 
become available, it should he po.ssihlc 
to detornune the pathogenesis of all types 
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of gynecomastia. Tin's development is 
well illustrated in the case of the gyneco- 
mastia associated with cirrliosis, which 
has been recognized for a long time,® hut 
which has only recently been found to he 
due to a disturbance in estrogen metab- 
olism.® 

It is reasonable to suppose that a similar 
disturbance may occur in other types of 
liver disease and may lead to gyneco- 
mastia. Indeed, an increased excretion 
of estrogen has recently been found in 
infectious hepatitis.® IVe now wish to 
report the occurrence of gynecomastia in 
2 patients with this disease. • 

Case Reports Case I. L. E. C., a 32 year 
old soldier, incurred a compound commin- 
uted fracture of the left tibia when struck 
by an enemy shell fragment on Jan. 11, 
1945. He was removed to a hospital wlicre 
he received apiiropriate surgical treatment, 
including .several infusions of plasma. On 
April S he was transferred to the Schick 
General Hospital for further surgical treat- 
ment. 

The past history revealed a penile lesion 
with positive Wassennann reaction in 1937. 
Inadequate antisyphilitic treatment was ad- 
ministered for an indefinite period there- 
after. In 1943 asymptomatic nourosyphilis, 


122 


KLAIMKI.V, KAITAI’OUT; (iVATKCOMASTlA 


with positive blood and sjdnnl tlnid; was 
discovero<l. A course of artificia) fever 
therapy was fcivon, the results of which arc 
not known. 

Phyxient examination on April 8, lOl.o, 
revealed nothing of note c.vcepfc an incoin- 
idctcly liealed compound fracture of the 
left tibia and the residuals of frost-bite of 
the toes. The liver was not palpable and 
the genitalia were normal. No note was 
made of the condition of the breasts, but 
the patient, at a later date, maintained that 
they were normal at thi.s time. There were 
no alinormal neurologic findings. 

Lobnralory slaciics revealed a normal blood 
count and urine. The blood Kahn fe.st was 
positive. The .spinal fluid c.vhibited Group I 
chango.s of ncurosyphilis. 

The patient’.s courxc in the hospital was 
uneventfid during the 1st month. On May 
H, approximately 4 months after the last 
infusion of plasma, lie developed nausea, 
diarrhea and dark urine. Four daj's later 
clinical jaundice appeared and the liver was 
palpated 3 cm. below the costal margin. 
Tlicre was no hepatic tenderness and the 
spleen was not palpable. Studies at this 
time revealed a 1 minute serum bilirubin 
of 4.5 and a total serum liilirubin of 7.2 mg. 
%, a positive test for bile in the urine and 
normal prothrombin level. A few days later 
the senun proteins were found to be low 
with a normal albumin-globulin ratio. The 
thymol turbidity reaction and the sedimen- 
tation rate were normal. A diagnosis of 
acute homologous serum hepatitis was made. 
The patient was kept at complete bed rest 
and a diet high in carbohydrate and protein 
and low in fat was administered. 

During the following 4 weeks the jaundice 
increased in intensity and there was marked 
lassitude, anore.via and weight loss. At no 
time was there nausea or vomiting. Shortly 
after the onset of jaundice the liver receded 
behind the costal margin and could never 
again be palpated. At no time v'as there 
splenomegaly, ascites or edema. Because of 
the anorexia and poor dietary intake, daily 
infusions of 1 to 2 liters of 10% glucose 
were given from June 4 to June 15. In addi- 
tion. 25 gm. of concentrated human serum 
albumin were given intravenously on June 6, 

7 and 8 and 500 cc. of plasma on June 9. 
The serum protein level, which was slightly 
depressed before treatment, showed a transi- 
ent rise, especially in the albumin fraction. 


The prothrombiii level fell .^lightly during 
the first 2 weeks of janndiec, but in the 
8rd week it fell precipitously to 20% of nor- 
mal. Although tiicrc was no bleeding from 
the skin or mucous inembranes, vitamin K 
therapy was instituted. 'Bhc patient re- 
ceived S mg. daily, intramuscularly, from 
June 8 to July 21. IJie prothrombin level 
rose very slowly, reaching 07% of normal 
in 3 weeks. In part, at Icjist, the rise could 
be attributed to the imj)rovement in liver 
function that occurred at that time. 

The jaundice reached its peak at the end 
of the 4th week, by which time the total 
serum bilirubin lind attained a ler'e) of 
3G.2 mg. %. I'rom then on there was rajjid 
improvement in the patient’s general con- 
dition. All his symptoms sul)sidcd, his 
npj)etitc returned, and he regained the 
weight lie had lost. Tlie jaundice, however, 
faded verj’ slowly. Clinical icterus did not 
clear up until the loth week of the disease 
and the scnin) bilirubin did not return to 
normal until the 22nd week. Although the 
patient felt well and there were no overt 
signs of liver disease, there was evidence of 
liver damage as late as .37 u-eeks after the 
onset of jaundice, ns evidenced by the reten- 
tion of 22% of injected bromsuliihalein 
(5 mg. per kg.) at the end of 45 minutes. 
The liver and .spleen were not p.alpable. 
There were no signs of porta) ohstniction. 
There were no sjuder nevi and no palmar 
erythema. 

On .Inly 1, a)>])roxiinately 7 weeks after 
the onset of j.anndice and 3 weeks aftei’ it 
had begun to fade, the patient first noted 
.S3'mmctrical enlargement and tenderness of 
the breasts. The.v gradually increased in 
size over a period of 5 weeks. Examination 
at that time revealed slight fatty enlarge- 
ment of both breasts. The nipples and 
areolas appeared normal and there was no 
secretion. A small, firm, tender nodule was 
palpable beneath each areola. The attend- 
ing surgeon who saw the patient at this 
time believed the masses were fibro-adeno- 
mata and recommended excision. The pa- 
tient, however, refused to submit to opera- 
tion. During the following 8 weeks the 
enlargement and tenderness of the breasts 
gradua% subsided, so that they no longer 
appeared abnormal. Nevertheless, a freely 
movable, moderate^ firm, non-tender and 
smooth mass, measuring 2 cm. in diameter, 
could still be felt beneath the areola of the 
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rif^ht breast as late as Feb. 11, 1946, 7 months 
after the onset of gynecomastia. At no 
time were there other stigmata of an endo- 
crine disturljance. The patient was well 
developed physically. He exhibited no un- 
usual distribution of fat. The beard and 
the hair on the trunk were of the normal 
male type. The external genitalia were 
well developed. The blood pressure remained 
normal. 

The results of the liver function studies, 
briefly outlined above, are enumerated in 
Table 1. 


note except for the left leg which was en- 
cased in a plaster cast. There was no 
obvious malnutrition, although the patient 
was not weighed. The genitalia were nor- 
mal and there were no stigmata of an}"^ endo- 
crine disturbance. No note was made of 
the condition of the breasts, although in 
retrospect the patient maintained that they 
were normal at this time. 

Laboratory skidies on admission revealed 
a normal blood count and urine. The blood 
Kahn test was negative. Culture of the 
wound yielded a heavy growth of penicillin- 
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Case 2. E. J. P., a 2S year old soldier, 
incurred a coinjiound conuninuted fracture 
of the left calcaneus, astragalus and cuboid 
when struck by enemy shell fragments on 
Oct. 16, 1044. He was removed to a hospi- 
tal where he was given multiple transfusions 
of whole blood and plasma. The following 
day the wounds were d(5brided. Since the 
posterior tibial artery was completely sev- 
ered it was tied off. A week later secondary 
cltisuro of the wound was attempted. ,The 
wound failed to heal conpiletely, so that the 
patient was returned to the United States. 

He was admitted to the Schick General 
Hospital on Jan. 19. 1945. at which time 
physical cjamiantion revealed nothing of 


resistant Streptococcus fccalis and Bacillus 
pyocyancus. 

Course: On January 22, the cast was 
bivalved. Roentgenogi-ams were taken and 
a new cast was applied. Immediately fol- 
lowing this procedure the patient developed 
nau-sea and anorexia. A few daj’s later the 
urine became dark in color, and on Febru- 
ary 6 clinical jaundice became evident. 
The liver was enlarged 3 cm. below the 
costal margin and was tender. The spleen 
could not be felt and there was no fever. 
The total scrum bilirubin was 7 mg. % with 
an immediate direct van den Bergh reac- 
tion. The cephalin-cholesterol flocculation 
reaction was 3-r. The serum total proteins 
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although the serum bilirulsin level was still 
slightly elevated then. As indicated in 
Table 2, the return of liver function parallel- 
ed the subsidence of jaundice, although the 
excretion of urobilinogen was still abnormally 
high in the 14th week. 

During April 1945, in the 14th Aveek of 
the disease when jaundice had subsided but 
when a mild degree of impaired liver function 
was still present, the patient noted a painful 
enlargement of the right breast. Examina- 
tion revealed a conical fatty enlargement of 
the breast with a circumscribed mass of 
moderately tender glandular tissue, about 
4 cm. in diameter, beneath the areola. The 
mass was freely movable beneath the areola 
and over the underlying tissues, but appeared 
to be attached to the nipple. The areola 
and nipple were normal and there was no 
secretion. A month later an identical mass 
appeared in the left breast. The attending 
surgeon suggested the diagnosis of adeno- 
fibroma of the breasts and recommended 
excision. The patient, however, refused to 
submit to operation. The tumors showed no 
change foi' 2 months and then began to get 
smaller. The mass on the right disappeared 
in July 1945, al)Out 3 months after is appear- 
ance. The one on the left was still pre.sent 
in September 1945, 4 months after its ap- 
pearance. The liver was no longer palpalile 
at this time and the scrum bilirubin level 
and the thymol turbidity I'oaction were 
normal. Unfortunately no note was made of 
the condition of the genitalia. 

Cl.lNKM. Fr-ATUllES OP (IVNPCOMAKTIA 
COMIM.ICATINO IxprXTIOU.S HrpaTITIS. 
The structural changes in the breasts ol)- 
served in these eases were typical of 
gynecomastia. Unfortunately biopsy s])e- 
cimens were not obtained, so that the 
eharaet eristic hyperjJasia of the duets and 
])eriduetile tissues'^’*^ was not demon- 
strated. The bilateral involvement of the 
breasts and their regression later make 
the initial diagnosis of fibro-adenoma 
highly imju'obable. Chronic mastitis can 
be excluded for the same reason and also 
because the usual inciting factor, trauma, 
was alisent. 

There were many striking similarities 
between these 2 eases. In both the gyneco- 
mastia was bilateral, although in Case 2 
there was a 1 month interval between its 


appearance on the 2 sides. There was a 
marked tendency toward regression. In 
Case 1 the gynecomastia had almost dis- 
appeared in 8 Aveeks, although small 
masses of glandular tissue could still be 
felt as long as 7 months after the onset. 
In Case 2 it cleared up completely on 
one side Avithin 3 months, AAdiile on the 
other a small mass Avas still present at the 
end of 4 months. Breast enlargement 
occurred late in convalescence from hep- 
atitis; in Case 1, 7 Aveeks after the onset 
of hepatitis and at a time A\'hen jaundice 
had largely subsided, and in Case 2, 
14 Aveeks after the onset AA'hen clinical 
jaundice Avas no longer evident. 

The hepatitis Avas of the homologous 
serum type in both instances, and, as is 
often the ease in this form of the dis- 
ease,'^-’ it Avas unusually scA^ere, ran a 
pi-otracted course, and Avas folloAved by 
residual impairment of liA^er function. In 
Case 1 the serum bilirubin attained a 
leA'cl of 36.2 mg. %, clinical jaundice 
lasted 15 Aveeks, and there Avas marked 
bromsulphalein retention at the end of 
37 Aveeks. The peak of the serum biliru- 
bin level in Case 2 Avas 35.5 mg. %, 
clinical jaundice lasted 12 AA’eeks, and the 
urinary excretion of urobilinogen Avas still 
moderately increased in the 14th AA'cek. 
The occurrence of residual impairment of 
li\'cr function folloAving jaundice of this 
scA'erity and duration is not surprising in 
the light of recent experience.’- There 
AA'ere no physical findings, hoAA'CA’er, to 
suggest the develojAinent of cirrhosis, a 
complication of hepatitis encountered oc- 
casionally.’ In neither case could the liA-er 
be felt during convalescence, and there 
Avas no evidence of collateral venous cir- 
culation, splenomegaly, ascites, spider 
nevi or palmar erythema. 

Comment. The normal liA-er inacti- 
vated estrogen,’’'’ but in experimental liver 
injury’ ’® ’’^ -'’ and in clinical cirrhosis® this 
function is seriously impaired. The gyn- 
ecomastia that occurs in cirrhosis is 
thought to be due to the resultant hyper- 
estrinemia,® but other factors may be con- 
tributory. Certainly atrophy of the 
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testes-' mid elironic malnutrition, %vhich 
arc common complications of cirrliosis, 
may play a role, since both may pivc rise 
to gynecomastia in non-cirrhotics.-'"*'””* 

It is surprising that, with the recent 
increase iu the incidence of infectious hep- 
atitis, gynecomastia has not, heretofore, 
been reported as a complication. It is 
notewortliy, ho^\•c^■cr, tliat hotli our eases 
sufferefl unusually severe and protractcfl 
jaundice. Kvidcntly the factors respon- 
sil)lc for growth of the breast must be 
operative over a long period or must come 
into play only after iinusually severe liver 
damage to produce gynecomastia. 

Cirrhosis and infectious Iiepatitis, espe- 
cially when the latter is severe, share a 
common background of diffuse injury to 
the liver with a marked disturbance in 
many of its functions. It appears likely, 
therefore, that the pathogenesis of the 
gjmecomastia that occurs in both condi- 
tions is the same. Unfortunately it was 
not possible to study hormone excretion in 
our cases. The recent work of Gilder and 
Hoagland,® howe\'er, suggests tliat liyper- 
estrinemia is an important factor. They 
have found that there is an increase in 
estrogen excretion during the acute phase 
of infectious hepatitis in males, and that 
the increase is proportional to the severity 
of the disease. During convalescence the 
excretion rate falls, but does not reach 
normal for some time. 

Just as in cirrhosis, atrophy of the 
testes and chronic malnutrition may con- 


tribute to the development of gjTieco- 
mastiu in infectious hepatitis. Although 
the testes appeared normal, a decrease in 
17-kctostcroid excretion has been noted 
in this disea.se,® suggesting that some 
degree of atrophy may have been present 
in our cases. Aloderate weight loss oc- 
curred at the height of the jaundice, but 
the low initial serum protein levels 
(Tables 1 and 2) suggests that malnutri- 
tion was present even before the onset of 
hepatitis. 

Since the breast lesion described sub- 
sides spontaneously, it is of importance 
to recognize its relationship to infectious 
hepatitis if needless surgery is to be 
avoided. The relationship is of particular 
interest to enrlocrinologists, since it af- 
fords a unique opportunity to study the 
pathogenesis of gjmecomastia. 

Summary. Bilateral gjmecomastia oc- 
curred during convalescence in 2 cases of 
infectious hepatitis. The hepatitis was of 
the homologous serum type and ran a 
severe and protracted course, but there 
was no evidence to suggest the develop- 
ment of cirrhosis. The gjmecomastia sub- 
sided spontaneously, so that early recog- 
nition of the relationship beriveen breast 
lesions and hepatitis will preclude need- 
less surgery. Hormone excretion studies 
in infectious hepatitis suggest that hyper- 
estrinemia is an important factor in the 
pathogenesis of this type of gjmecomastia. 
Testicular atrophy and malnutrition, how- 
ever, may be contributory factors. 
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VARIOLATION AS A PRINCIPLE 

Immunization in Experimental Poliomyelitis With Active Virus Under 
Autarceologic Protection of Estrogenic Substance 

By W. Lloyd Aycock 

A NO 
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llOSTOS. massachupktts 

(From the Depart menis of Preventive Medicine, and EpidcmioloKy, Harvard Medical School 

and School of Public Health) 


Variolation is pcrlttijis the oldest spe- 
cific iminunizinjj procethire. In spite of 
what, from the present-dtiy point of view, 
was tin enormous iiaztird it was widely 
used and during a whole century the sub- 
ject of continuous invcstigtition. With 
many attempts to make it safe by jircpa- 
ration of the ptitient, such as by the use 
of the cooling regimen of Sydenham so 
that the “ solids and fiuids may be reducetl 
from a greater to loss inflammtibility,” as 
well as iiy modification of the virus to bo 
inoculated by dilution or the use of unripe 
virus, it might well have led to an effica- 
cious preventive procedure had it not 
been supplanted by vaccination, and de- 
clared a felony by act of Parliament in 
lS40d^ If “it might have led to an effi- 
cacious preventive procedure” could be 
said of smallpox where subclinical immu- 
nization does not occur naturally, variola- 
tion as a principle (immunization through 
mild disease by inocidation of the “pre- 
pared” patient with active virus) should 
offer even greater possiliilities in disease 
where subclinical immunization is the rule 
and disease the exception. But it has 
entered little, if at all, into later immuno- 
logic investigation. Certainly the central 
idea in artificial immunization has been 
modification or attenuation of virus. 
Little attention has been paid to "prepa- 
ration of the patient.” 

If variolation was outlawed a little over 
a century ago, variolation as a principle 
fusing the term in the same sense that 
Pasteur used Jenner’s specific term “vac- 
cination ” to designate a general principle) 
may be coming back on the scene at this 


precise time. Premarital exposure of fe- 
males as a practicable preventive measure 
for the recently discovered congenita! 
anomalies as a sequel to maternal rubella 
has been discussed in a recent paperd* 
There are a number of examples of im- 
munization where either advantage is 
taken of the prepared host, or where the 
procedure in a sense amounts to prepara- 
tion of the host, though these procedures 
are perhaps probably more often looked 
upon as being in keeping witli the legend- 
ary idea of “immunity from repeated 
bombardment with small subinfective 
doses.” The first of these would be repre- 
sented by measures aimed at the post- 
ponement of measles to an age when there 
is less likelihood of complications, that is, 
to an age when the patient is better “ pre- 
pared” to vdthstand the attack. When 
looked at somewhat in reverse, the ad- 
ministration of convalescent serum or 
gamma globulin at the appropriate time 
after exposure to bring about a modified 
but immunizing attack of the disease, can 
likewise be regarded as an example of 
preparation of the patient. Another pro- 
cedure which may actually amount to 
preparation of the patient, rather than 
modification of \nrus, is the employment 
of the interference phenomenon as in the 
use of complex vaccine in influenza. 
Ziegler and Horsfall-- concluded that the 
first virus inoculation interferes with the 
multiplication of the second, not by multi- 
plication per sc nor by the action of one 
xdrus on the other, but probably resist- 
ance to the second xdrus is the result of a 
tissue alteration induced by the first virus. 
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Still another field, as yet quite unex- 
plored, is that of biochemical interference.’® 
It is not inconceivable that there may be 
inert substances with a chemical configu- 
ration and tissue tropism which wouhl 
blockade a given but damaging virus-cell 
union (for example anterior horn cell in 
poliomyelitis) while immunization is being 
accomplished with active virus. Protec- 
ti\"e action of trypan red and certain relat- 
ed dyes against infection ^vith certain neu- 
rotropic viruses has been shovm although 
the mechanism involved was not eluci- 
dated.-’ In other words there is reason 
to believe there may be "heterologous” 
(chemical) as well as “ homologous” (virus) 
interferants. Not inconsistent with the 
clinical observations of almost every in- 
vestigator who has seen large numbers of 
cases, from Underwood in 17S9 on, to the 
effect that poliomyelitis exhibits a prefer- 
ence for those “of strong and blooming 
constitution;” and in keeping with both 
the early observation of Rous’® and the 
recent work of Schneider wliich more 
exactly assigns the role of dietary defi- 
ciency in susceptibility to infection,®® new 
evidence that nutritional deficiency de- 
creases susceptibility is at hand. The 
enhanced resistance of animals on dietary 
. deficiency to a number of virus infec- 
tions’®-’® is an example of "preparation 
of the host” where the development of 
immunity has not been investigated. 

There are indications that in polio- 
myelitis factors in the host, rather than 
virus or exposure factors, may be a major 
dctenninant as between the development 
of the frank disease or of subclinical im- 
munity upon exposure to the virus. Stud- 
ies of the nature of these autarceologic 
factors®-'’-®® "-® have led to experiments 
in Avhich monkeys have been rendered 
more resistant to intranasal instillations 
of virus by administration of estrogenic 
substances.-’-’ That these experiments do 
not exactly reflect the mechanism of 
subclinical immunization in man. in spite 


of the fact that intranasal instillation pre- 
sumably is a method of inoculation of virus 
simulating natural infection, is indicated 
by failure of even repeated intranasal 
instillations of virus under the protection 
of estrogenic substances to immunize. As 
with intranasal chemical blockade® this 
failure to immunize suggests that in such 
experiments a complete blocking of en- 
trance of the virus is accomplished. In 
the disease in man -where the indications 
are that a single infection results in im- 
munity, it would appear that the virus 
must reach some deeper structure to set 
up the immunizing process. That the 
locus of estrogen-induced resistance is not 
the central nervous system itself is shown 
by the fact that under its influence ani- 
mals, although resistant to intranasal in- 
stillation, are fullj' susceptible to intra- 
cerebral inoculation.’® In earlier experi- 
ments’® it had been found that active 
virus injected subcutaneously or intracu- 
taneously frequently resulted in immu- 
nization with relatively little hazard of 
disease. It would now appear therefore, 
that in e.xperiments on enhancement of 
resistance to disease where immunization 
is the objective, a route of inoculation 
lying somewhere between intracerebral 
and intranasal instillation should be em- 
ployed. 

The present paper reports the effect of 
administration of alpha-estradiol ben- 
zoate* on resistance of the mouse to 
adancous injection of Mouse-Hamster 
strain’'’ of poliomyelitis virus.f At the 
same time the possibilities of producing 
subclinical immunization rather than clini- 
cal disease by inoculation of the prepared 
host with active virus are investigated. 

Experimental. Effect of Alpho-cstradiol 
Benzoate on licsisloncc. One hundred nor- 
mal albino mice weighing about 15 gm. and 
evenly divided as to sex were used in this 
experiment. Fifty were given a subcuta- 
neous injection of 0.01 mg. of o-e.stradiol 
benzoate -3 times weekly. The remaining 


* PiOKyiion-II. Riixlui't nf Schorini; Corixmilioii. 

t Aniiorsdii niul Holin’ Inivo roporlod onlianocinont of re.-i-tniiPC- lo or.il adniini^trntion of tlio .'■anu- 
virus Hy ni-oKostoroiu' q-omnlotf I)I•otct'tion),.';^iUH'^trol (mortality reduced from ('.s to t-i)ropio. 

iiafo (I'vS to gO'T); ’iesoxycorticostomne acetate failorl to modify mortality. 
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mice received no treatment. Fourteen dnj's 
after the initial injection of estropen all 
mice were given a single subcutaneous in- 
jection of 0.02 ml. of a 10% emulsion of 
poliomyelitis virus prepared from brain of 
mice succumbing to the di-scaso 4 to .5 day.s 
after inoculation. The results are .shown in 
Cliart 1. Sixty-two % of the prepared mice 
succumbed as compared with S4% of the 
untreated controls, a difTerence of exactly 
the same order as that obtained when intra- 
nasal instillation was employed.’^ Estrogen 
treatments were discontinued 11 days after 
virus injection and the surviving mice were 
later challenged for immunity. 


Ten of the treated and 4 of the untreated 
mice withstood a third virus injection. The 
remaining mice were sacrificed and the blood 
.sera collected for test for neutralizing sub- 
stance. 

Virus Nctilrnlizalion Tests. The collected 
sera from mice that had received estrogen 
treatment and from untreated controls (all 
of which had withstood intraperitoneal chal- 
lenge for immunity) were pooled separately. 
A third pool was made of normal mou.se 
sentm (serum controls). Each pool was 
thoroughly mixed with an equal amount of 
a 10% emulsion of poliom 3 'elitis virus in a 
quantity sufficient to inject each of 6 mice 



Chart 1 .—Cumulative mortality. Estrogen treated and untreated control mice injected subcutaneousl}' 

with M-H strain of poliomyelitis virus. 


Intraperitoneal Injection of Virus as a Test 
for Immunity. Twenty-six days subsequent 
to subcutaneous injection of virus (15 das's 
after the last mouse came down vnth the 
disease) all surviving mice, 19 treated and 
8 untreated, were injected intraperitoneal^ 
with 0.05 ml. of a 10% emulsion of the same 
virus strain previously used. That this was 
a suitable challenge procedure for immunity 
is assured by the fact that normal mice 
given a like injection of the virus died with 
a mortalitj' rate of 80 to 100%. None of 
the mice developed the disease. Fourteen 
days later the same mice were given a second 
intraperitoneal injection of 0.05 ml. of virus 
and all were still insusceptible to infection. 


with 0.1 ml. of the mixture. For vinis con- 
trol, normal salt solution was used in the 
same manner as the pooled sera. The mix- 
tures were incubated for 2 hours at 37.5° C. 
refrigerated overnight at 6° C. and then 
injected intraperitoneally info normal albino 
mice. The 12 mice injected with a mixture 
of serum from the resistant mice and virus 
did not develop the disease, whereas of the 
12 mice injected with normal mouse serum 
or normal saline and virus mixtures, 11 de- 
veloped paralysis and succumbed. 

A summarj^ of the tests for immunity 
show that 26 days after receiving a single 
subcutaneous injection of active virus all 
mice were insusceptible to infection as e^'^- 
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denced by failure of intraperitoneal injection 
of virus to produce the disease. A second 
and third similar test after 40 and 54 days 
showed a like result. On the latter day sera 
from these mice neutralized the virus in vilro. 

Summary. In both estrogen prepared 
and untreated control mice subcutaneous 
injection of active poliomj'elitis virus, 
wlien not resulting in the frank disease, 
produced subclinical immunity. How- 
ever, a greater proportion of estrogen 
treated mice failed to develop the disease 
and consequently the number of mice 
that developed subclinical immunity was 
greater than in the controls. Hence, 
preparation of the host with estrogenic 
substance effected a decrease in produc- 
tion of disease by active virus, and an 
increase in occurrence of subclinical im- 
munization. 

These experiments represent an ap- 
proach to immunization through the use 
of a new, albeit old, principle whereby 


subclinical immunization rather than clini- 
cal disease is produced by inoculation of 
the prepared host wdth unmodified virus, 
rather than by the now conventional 
method of inoculation of the unprepared 
host with modified or attenuated virus. 
Even though a procedure such as ad- 
ministration of esti’ogenic substance would 
produce an autarcetic state, it might not 
be feasible to maintain such a state of 
resistance by its continued use. It might 
be possible, however, to produce a tempo- 
rary period of resistance during which 
subclinical immunity could be safely in- 
duced with active Anrus. 

Neither these experiments nor any of 
the other examples of enhancement of 
host resistance to experimental infection 
cited begin to approach present-day stand- 
ards of safety, though in this respect they 
are probably all superior to variolation 
as practiced a century ago. 
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(I‘ roni tlio Fifth Service C^ommaiKl Lnhorntory) 


During the fall of 1945, there was an 
epidemic of acute respiratory disease at 
Fort Benjamin Harrison. This epidemic 
was partly due to the virus of influenza B, 
as proven by serologic studies, hut in- 
cluded cases clinically similar to influenza 
in which no rise in antibodies against the 
influenza viruses was found. Further- 
more, the epidemic at the army post pre- 
ceded the nation-wide influenza epidemic 
by several weeks. The purposes of this 
paper are: (1) to describe the course of 
the epidemic at Fort Harrison; (2) to out- 
line a simplified variant of the familiar 
chick-cell agglutination inhibition test for 
influenzal antibodies; (3) to discuss the 
epidemiology of influenza as related to this 
outbreak; and (4) to discuss certain ob- 
servations made bj' us in the course of the 
epidemic. 

Mlethods. (a) St.a.tistical, Statistical 
studies were based on acute respiratory 
diseases in general (Collins^). The term is 
here used to include colds, influenza, naso- 
pharyngitis and other common respiratorj' 
diseases, as well as pneumonias. Rates are 
calculated as hospital admissions per 1000 
per annum. The data for Fort Harrison 
were taken directly from the records on the 
wards; the rates for “U. S. Military” were 
taken from the Weekly Health Reports 
published by the Surgeon-General's Office. 

(&) Laboratory. Serologic studies for 
antibodies against influenza viruses were 
performed by a virus dilution method of the 
chicken cell agglutination inhibition test. 

Fresh chicken cells were washed 3 times, 
packed and diluted nith saline to make a 
2% suspension. They were kept in the ice- 
box and never used after the 3rd day. Virus 
was prepared by inoculating 10 to 11 day 
eggs, and harvesting the allantoic fluid 2 days 


later. The product of each egg was tested 
for hemagglutinins by allowing a small 
amount of fluid to mix with the embryo’s 
red cells on the bottom of a Petri dish. The 
fluids of several eggs were pooled and the 
product stored in large tost tubes at 4° C. 
Hwnan sera were obtained early in the dis- 
ease, and again 7 to 14 days later from each 
case. 

Procedure for the test was as follows: Two- 
fold dilutions of virus-allantoic fluid in 
saline were first prepared in large test tubes, 
ranging in final dilutions from 1:16 to 
1:2048. Then, 0.25 ml. of each dilution 
was added to Kahn tubes which were set 
in series in large racks. The serum was 
diluted by adding 0.2 ml. of serum to 3.8 ml. 
of saline, and to this was added 4 ml. of the 
2% chicken cell suspension. The resulting 
serum-chicken cell combination was thor- 
oughly mixed, and 0.25 ml. added to each 
Kahn tube with Hrus. After adequate 
shaking, the tubes were allowed to stand at 
room temperature for 1 hour. Tests were 
read according to the cell sedimentation 
pattern in the bottom of the tube. The tube 
was called positive if the pattern was diffuse; 
negative, if the cells were in a centra! button 
which would run when the tube was tipped, 
and =t, if of an intermediate form. The 
principle of titrations using a constant 
amount of serum against decreasing quan- 
tities of xdrus was emploj'ed by us on occa- 
sions in animal neutralization tests. Such 
a method has the advantage of measuring 
the effect of antibodj'- on a virus endpoint 
detez’mined at the time of the serologic test 
rather than a predetermined virus endpoint 
which ma 3 '- vary between the time of the 
original virus titration and the test. A 
virus dilution method for determining in- 
hibiting antibodies with the use of human 
type “0" cells was employed by another 
group of workers.'* 


* Present address, The Children’s Hospital of_ Philadelphia. Department of Pediatrics. School of 
Medicine, University of Pennsylvania, Philadelphia. 

t Present address. New York University, College of Medicine. 
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Each serum was titrated against the PR8 
strain of influenza A virus, and the Saha 
strain of influenza B virus. (The Lee strain 
of influenza B was also used in most titra- 
tions; results with it were similar to those 
obtained with Saha virus.) A control with- 
out serum was run routinely as a virus titra- 
tion, and also known positive chicken sera 
against both influenza A and B were in- 
cluded. The earl}^ and late specimens from 
the same patient were run simultaneously. 

The extent of reduction of the hemagglu- 
tinating capacity of a virus bj'’ the constant 
dilution of serum (1:80) determined the 
serum titer which was calculated as the 
ratio of the greatest dilution of virus without 
serum giving a =*= reading, to the greate.st 
dilution of virus gi^ung a ± reading in the 
presence of the serum. For example; If the 
control was =*= in the 7th tube (virus dilu- 
tion 1:1024) and the serum-virus was * in 
the 4th tube (virus dilution 1 ; 128) the titer 
was 8. Whenever the transition was directI)’' 
from positive to negative the endpoint was 
considered to be half-way between the last 
positive and the first negative tube. Re- 
peated tests by thi.s method gave consistent 
results. A patient was considered to show 
serologic evidence of influenza if there was 
at least a 4-fold ri.se in titer, on comparing 
the late with the early specimen. 

CouR.SE OF THE EPIDEMIC. The num- 
bers of hospital admissions for common 
respiratory diseases and pneumonias at 
Fort Benjamin Harrison from June 1945 
to February 194G, by week of admission, 
are given in Table 1. It Avill he seen that 
the hospitalization rate for respiratory 
diseases from June to mid-September was 
low. Then, during the 3rd week in Sep- 
tember, the rate suddenly rose and con- 
tinued to rise until it reached a peak in 
early November. Following this, the rate 
declined and reached a low level by late 
December. The epidemic may be de- 
scribed as a distinct peak in the respira- 
tory disease incidence, covering a period 
of about 15 weeks, with its crest in the 
8th week. 

The outbreak at Fort Harrison reached 
its peak and had begun to decline before 
the morbidity in the U. S. Army began 
its rise. The available evidence on influ- 


enza in Indiana and the U- S. civilian 
population in general (figures reported by 
the Indiana State Board of Health, and 
the U. S. Public Health Service Reports) 
shows that the sharp rise in the civilian 
rate came in late November, about the 
same time as that for the U. S. Army in 
general. All 3 were about 2 months after 
the rise in respiratory disease at Fort 
Harrison. 

Clinical Studies, (o) Cases Showing 
Definite Evidence of infinenza B. There 
w'ere 41 cases which showed serologic evi- 
dence of influenza B. The a^'erage age 
was 25 years; onlj' 1 woman was included. 
Their distribution by age, sex, length of 
time in service, rank and unit was about 
that which would be expected with ran- 
dom distribution on the post. On the 
average, the men had been sick about 
2 days before entering the ho.spital; this 
was usually because they had tried to 
“fight it out” before reporting sick. On 
admission, their commonest complaint.s 
were general malaise with muscular aches 
and Avith backache (6S%), “feverishness” 
(63%), a sore throat (56%) and headache 
(56%); 44% had some other complaints 
such as chest pain on deep inspiration, 
nausea, diarrhea, dizziness, aches in the 
eyeballs, anorexia or hoarseness. Disori- 
entation was observed in 1 patient who 
had been hospitalized several months for 
non-union of a fracture sustained in com- 
bat. The aA'erage admission temperature 
Avas 101° F., and the aA'erage admission 
pulse 94. The highest temperature noted 
on any proA-en case of influenza at any 
time AA-as 103.6° F. 

Physical e.xamination shoAved most all 
the patients to haA'e mild prostration, a 
flushed face, a reddened throat and mod- 
erately enlarged tonsils. Coryza and naso- 
pharyngitis Avere noted in 93%; the phar- 
ynx usually shoAA’ed moderate injection, 
Avith the A-enules engorged but AA'ithout 
the extreme reddening often noted in strep- 
tococcal sore throat. CerA'ical adenopathy 
Avas present in 22%. a dry cough in .59%. 
Profuse sAAcating. which usually came on 
at night, Avas observed in 34% of the 
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cases. Other signs such as conjunctivitis, 
riilcs at tlie lung bases, tonsillitis, epistaxis 
and extreme prostration were seen in 1 
or 2 cases. Complications Avcre rare and 
unrelated to the disease. 

The routine care of the eases was simple. 
It consisted of bed re.st, forced fluids, 
regular diet, acetylsalicylic acid— aceto- 
phenetidin— caffeine tablets for aches, 
sleeping tablets if desired, neosynephrinc 
nose drops to he taken by the patient 3 
or 4 times a day, saline gargles, and elixir 
of terpene hydrate with codeine for cough. 
Sulfadiazine or penicillin was given to 
10 patients for a brief time with no 
demonstrable effect. The course of the 


acute blood specimens. It will be seen 
that, except for a single case which will 
be discussed later, there were no significant 
changes against influenza A {PR8 strain). 
In contrast to this, the mean titer against 
influenza B (Saha strain) rose from 3 in 
the acute sera to 37.9 in the convalescent 
•sera, a mean rise of 12.9-fold. 

(h) Cam'S Not Showing Definite Evidence 
of hifluenza. As stated above, serologic tests 
were not generally considered significant 
for influenza unless there was a 4-fold rise 
in titer of the antibodies. There were 
30 influenza suspects who did not show 
this rise. Of these, 8 showed a 1 tube 
(2-fold) rise in titer against influenza B 


Tabi.k I, — Combined Rates of Acute REsriiiATonY Diseases 


{Calculated as liospitalizations per 1000 per annum) 



Ft. Harrison 

U.S. 


Ft. Harrison 

U. 55. 

Wepk 

Military 

Military 

Week 

Militar.v 

Military 

entlhiB 

rate 

rate 

ending 

rate 

rate 

Juno S 

2S 

IIS 

Oct. 0 

. 89 

78 

IS . 

. 30 

107 

12 , 

, 118 

91 

22 . 

. 43 

103 

19 . 

. 173 

90 

29 . 

. 23 

101 

20 . 

, 178 

95 

July C 

6 

8S 

Nov. 2 . 

, 215 

92 

13 . 

. 34 

84 

9 . 

232 

96 

20 . 

3S 

SS 

10 , 

. 189 

98 

27 . 

, 26 

86 

23 . 

. 208 

113 

Aug. 3 . 

. 33 

87 

30 . 

, 140 

101 

10 . 

. 43 

85 

Dec. 7 

. 116 

182 

17 . 

. 33 

82 

14 . 

40 

183 

24 . 

. 33 

91 

21 . 

65 

170 

31 . 

. 29 

89 

28 , 

7 

158 

Sept. 7 

. 46 

79 

Jan. 4 

59 

171 

14 . 

34 

74 

11 

. 29 

200 

21 

. 92 

SO 

IS . 

7 

181 

2S . 

. 101 

82 

23 . 

10 

i95 


disease was uneventful in all cases. As- 
suming that fever began with the onset 
of symptoms, fever of 99° F. or over lasted 
from 2 to 8 days, ndth an average of 
5 days. The average hospital stay was 
11.6 days, vdth 6 and 28 days the extremes. 
Routine laboratory studies revealed the 
following. The admission white blood 
count averaged 6317, ranging from 4500 
to 10,000. The polymorphonuclears aver- 
aged 63.5%, with extremes of 32% and 
78%. Beta hemolytic streptococci were 
identified in 4 of 29 throat cultures. The 
results of serologic tests on acute and 
convalescent sera are summarized in 
Table 2, with Table 3 demonstrating the 
titer ratios of the convalescent to the 


and were considered serologically ques- 
tionable cases. Analysis of their clinical 
course shows no significant differences 
from the definite cases. 

There were 22 paired specimens in which 
not even a 1 tube difference was found. 
Ten of these had relatively high titers 
against one or the other of the influenza 
\druses used in the tests. In 3, this might 
be explained on the basis of pre\'ious vac- 
cination. The mean titers of the 8 ques- 
tionable cases, and the 22 cases m’th no 
antibody rise are shown in Table 4, along 
with the mean titers of the definite cases 
of influenza, a group of 29 normal prison- 
ers who had not been vaccinated, and 
15 normals who were vaccinated. 
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(r) A Case With Serologic Response 
Against Both A and B Viruses. One pa- 
tient showed a strong serologic response 
to both Type A and Type B influenza 
viruses. Review of In's history showed 
that he had had malaise, chills, fever and 
heailache on the train while en ronte to 
Fort Harrison. Several others on the same 
train had had the same symptoms, and 2 
of his close companions from the trip 
were hied. Both had high titers against 


Epidemiology and General Dlscus- 
SiON. The Source of the Epidemic. The 
source from which influenza B virus 
reached Fort Harrison was of jirimtiry 
interest. The faet that men were arriv- 
ing from all parts of the country suggested 
that it had been imported. A'et careful 
examination of the cases by units shoAved 
that the respiratory disease rate rose at 
about the same time in the major units 
on the post. Included were such diversi- 



Tabi.f, 2.— yERoi.ocic Test.s for Infeuenza 

Recorded titer 




Mean 

titer 

Frequency of tilers vs. l’R8 

1 + 

1.5 2 3 

4 C 8 

12 

10 

24 

32 

48 

04 

90 

virus in 1st specimen . 
Frequency of titers vs. PR 8 

1 

11 5 7 

4 2 


5 

3 

1 

1 

1 


4.3 

viru.s in 2nd specimen 

Frequency of tilers vs. Saha 

2 

00 

3 3 

1 

5 

3 

1 

I 

1 


4.6 

virus in 1st specimen . 
Frequency of liters vs. Sidui 

2 

2 13 Ot 

12 .. 

2 


1 

• • 

fit 

nnd 

3+ 



3.0 

virus in 2nd specimen 



1 . . 2 
and 
2+t 


o 


0 

and 

4+ 

0 

and 

3+ 

and 

1 + 



* Titpr expressed as (lie fold rediietion of virus activity by a 1 ;80 dilution of senim based on red cell asRliitination- 
inliibition reaction. 

t One set of sera was tested with Lee in.stead of Saha virus yiol<ling titers of 3 on the Isl and preator than 48 on 
2nd siiocimen, 

t Number of specimens with titer ftreater than that expressed. 


Tabi.i-, 3. —Rise in Antiboijy Titer in Convai.escent Serum Specimens 

Titer ratio 

, — . Mean 

0. 1-0.0 1 1,1-1. 9 2 3 4 0 8 II 12 10 21 24 32 48 rFe 

Freouency distribution of titer 

cininRcs to PR8 virus . . 0 29 3 2 1 1.1 

Frequency distribution of titer 

chaiiRC.s to Salia virus . . .. .. .. .... 0 3 0 3 2 5 3 7 4 2 12.9 

T.abee 4.— Mean Titers of Various Groups 


Group Ca.'-e.s 

Definito influenza 41 

Que.stionahlc influenza S 

Not proven influenza . 22 

Normal prisoners 29 

Normals, vnecinaled 15 


infliieuzii virus Type A, and 1 gave a 
story of headache and shaking chills on 
the train. Although the.se findings arc 
not conclusive, it is possible that all 3 
contracted influenza A before arrival at 
the post. Still, one must not overlook 
the possibility of an anamnestic reaction. 
No other eases of influenzti A were found. 
The man who appears to have been in- 
fe.eted by both types of influenza in rapid 
succession was no sicker than the average 
case infected with Type B alone. 


Titer r^». 

PR8 

Titer r.t Saha 

Early 

Late 

Early 

Late 

4 3 

4.G 

3.0 

37.9 

3.8 

3,5 

3.5 

7.4 

5,9 

5.7 

5.2 

4.6 

2.5 


4.7 

. . 

2.0 

37.0 

4 .5 

11.9 


fled groups as general prisonens, Avho were 
closely confined, and new recruits who 
went to the Indianapolis theaters in great 
numbers. The appearance of the out- 
break on the military reservation earlier 
than in the civilian population was some- 
what analogous to the situation in 1918 
(Sydenstrieker®). 

Tlie Commission on Acute Respiratory 
Diseases' suggested that “influenza per- 
sists in large populations through sporadic 
cases and limited outbreaks only to return 
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in epidemic form when the necessary con- 
ditions are present which favor rapid dis- 
semination of the agent.” Such a limited 
outbreak occurred at Camp Atterbury, 
about 35 miles from Fort Harrison, in 
May 1945. The Saha strain of influcrza B 
virus was isolated there (Sigel ri al.') and 
it was suggested tiiat “although the out- 
break referred to may remain an isolated 
episode, the possii)ility exists that it may 
represent the beginning of an epidemic 
wave of Type B etiology. The situation 
may parallel the experience of 1943, when 
an epidemic of influenza Type A was pre- 
ceded by a localized outbreak of influenza 
in an army camp, from whicli Salk, Menke 
and Francis isolated a Type A virus.” It 
is now suggested that Type B virus per- 
sisted in the Indianapolis region through 
sporadic or inapparent cases from May 
1945 until its recognition in epidemic form 
in the fall of 1945. This suggestion is 
strengthened by the fact that an isolated 
interepidemic case of influenza Type B 
was diagnosed at Fort Harrison in July 
1945. 

Shope® has reviewed the relations be- 
tween human and swine influenzas. A 
few swine on Fort Harrison were sick with 
a respiratory disease and the possibility 
that the human disease had come from 
an animal reservoir was investigated. 
Accordingly, 4 hogs were bled in the early 
daj's of their disease, again after they had 
recovered, and their blood tested. These 
tests were carried out against PR<S, Saha 
and a British swine strain of influenza 
virus. No exddence of influenza was found. 

Factors Influencing the Spread of Influ- 
enza. A second major point of interest 
was the method of spread within the camp. 
The arrival of many new men on the post 
was mentioned above. This increase alone 
does not adequately describe the changes, 
for there was not only an increase in new 
men, but an enormous rate of turnover. 
The onset of the epidemic followed almost 
immediately after this rapid turnover of 
personnel began, 

Rexdew of the daily temperature at 
Indianapolis reveals that there was a brief 


drop in the temperature at just about 
the same time as the population and respi- 
ratory disease rates began to rise. This 
cool period was not severe but the drop 
in temperature might have been a pro- 
voking factor in the outbreak. It might 
have contributed to the spread of the dis- 
ease by keeping men inside the barracks. 
Because the men were quartered in large 
rooms which sometimes held over 100 
men, considerable opportunity for con- 
tacts was present -within each sleeping 
room. This was accentuated by the turn- 
over and the natural tendency for men 
to get acquainted. 

The difference between conditions which 
lead to a high effective contact rate and 
overcrowding as judged by the distance 
between beds or spaces at the dining table 
deserves emphasis. Repeated inspections 
never revealed beds which were closer 
than 30 inches, and the places at the mess 
halls did not seem too crowded. Never- 
theless, the increased size of the post 
population greatly increased respiratory 
contacts. Movie theaters were crowded. 
Men swarmed into Indianapolis to see a 
new town by the only regular means of 
transport, a bus line. Although some 
extra vehicles were put on, these were not 
enough to accommodate all passengers. 
At the peak hours, every bus was filled 
to absolute capacity with men from all 
parts of the camp, who thus spent 45 min- 
utes exchanging respiratory flora. Since 
the same mess halls had to serve an in- 
creased population, they were filled to 
capacity. In brief, there was a marked 
increase in the respiratory contacts per 
man per day both on the post and on trips 
to Indianapolis, even though regulations 
of bed space, table .space and classroom 
space were met. 

Factors Leading to the End of the Epi- 
demic. A third topic of major interest 
was the factors which led to the decline of 
the epidemic at Fort Harrison. Probably 
several factors were responsible. At the 
peak of the epidemic the hospitalization 
rate for respiratory disease was 232 per 
1000 per annum. There were probably 
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many subciinical or mild cases which were 
not hospitalized. The influx of new in- 
ductees slowed greatly in mid-November, 
and soon after that the strength declined. 
At about the same time, soon after the 
peak of the epidemic, a program for the 
vaccination of all men on the post, against 
influenza, was instituted. The response 
to the B component of the lot of vaccine 
used at Fort Harrison as measured by 
tests with the Lee and Saha viruses was 
not as great as that in soldiers in other 
posts studied by us. Still the increase in 
antibody level of the post population re- 
sulting from vaccination and from clinical 
as well as subciinical infections was prob- 
ably another factor. 

Other Respiratory Diseases. A situation 
which favors the spread of one respiratory 
disease usually favors the spread of others. 
Yet, bacterial infections were notably 
scarce at Fort Harrison. No cases of 
streptococcal or staphylococcal pneumonia 
were seen; while measles, mumps, Ger- 
man measles and atypical pneumonia were 
notably rare. There was a barely per- 
ceptible increase in pneumococcal pneu- 
monia, but it was impossible to tell 
whether these were secondary to influenza 
or not. 

As mentioned previously, a number of 
patients showed no serologic response to 
the influenza viruses. It may be that 
they had influenza, but that they either 
did not form antibodies or that their anti- 
bodies were not demonstrated by the test. 
We doubt that many cases are to be ex- 
plained on this basis. Walks through the 
ijarracks in the evening, or inspection of 
messes, revealed many men with respira- 
tory infections who did not report to sick 
call. At first we thought we could dis- 
tinguish among these a syndrome which 
we called “scratchy throat” and which 
.seemed milder than influenza, without its 
generalized aches, with a somewhat longer 
course, with an incubation period over 
4 (lay.s. characterized by a red, scratchy 
throat. Throat cultures, antistreptolysin 
studies :uul influenza studies wore essen- 
tially negative. Later, we found that we 


could not distinguish "scratchy throat” 
from influenza B on clinical grounds. The 
Commission on Acute Respiratory Dis- 
eases^ also found that there were many 
cases of acute respiratory disease in which 
they could not make a specific diagnosis, 
and used the term ARD for these. In 
view of the Commission’s findings, it is 
our opinion that "scratch3’^ tlmoat” was a 
separate entity which was present at the 
same time as influenza B and that it maj' 
have been identical with the disease called 
ARD by the Commission. 

Relation to Other Outbreaks of Influenza. 
The Fort Benjamin Harrison epidemic of 
influenza B was part of the nation-wide 
epidemic in the fall and winter of 1945- 
1946. The authors had an opportunity 
to stud.y specimens from other stations in 
the hliddle West and found serologic evi- 
dence of influenza B in arm.v installations 
in Indiana, Kentucky, Ohio and Nebraska 
during the months of November and 
December. 

Although the disease at Fort Harrison 
was mild and associated with few, if an.y, 
complications, the clinical findings indi- 
cate that it was similar to the general 
picture of influenza described by Mote.® 
We are unable to distinguish, on clinical 
evidence alone, influenza B which we saw 
in 1945, the influenza A which we saw in 
1941 and the s^yndrome called ARD. 
These clinical similarities emphasize the 
need for laboratorv studies on acute respi- 
ratory disease for accurate diagnosis. 
Since it appears that widespread epidemics 
are preceded b.v scattered outbreaks of 
influenza in the spring and summer, such 
laboratory studies would forecast the 
need for vaccination aimed at general 
prevention. 

Summary. Clinical, epidemiologic and 
lal)oratorv findings showed that there was 
an epidemic of influenza B at Fort Har- 
rison, Indiana, during the fall of 1945. 
In addition to serologicalty proven cases 
of influenza, a clinicall\' indistinguishable 
syndrome referred to as .\RD was present. 

Influenza B was known to be present 
in this area in tb.c spring of 194.5, and it 
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is suggested that tlic virus persisted in 
the region through sporadic or inappareiit 
cases throughout the summer of lO-lTi. 

It is recommenried tliat virologic stud- 


ies be carried out during the interepidemic 
periods in order to establish the presence 
of influenza in a region, and to predict 
the need for vaccination. 


We wi.sh to acknowlcdRO the toclinicnl eervirc.i of Set. Glenn Wilson nnd Miss Ueverly Giithner who 
performed miiny of the .sproloaie tests, nnd the eooperntion of medieji! offieers iil the .S'liition JJospitnl 
who cr.aeiously showed ris patient.s nnd the reeords. 
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ENDOCARDITIS DUE TO TYPE B HEMOPHILUS INFLUENZA INVOLVING 

ONLY THE TRICUSPID VALVE 
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The following case report merits publi- 
cation because a review of tlie literature 
indicates that no other instance of bac- 
terial endocarditis due to Type B Ilnno- 
phihts influenzss has been recorded. The 
case is of further interest because bacterial 
vegetations involved only the tricuspid 
valve. 

Case Report. U, H. No. 771440. Present 
Illness. V. B., a 17 year old school girl 
entered the hospital on July 26, 1946, 
because of a debilitating and febrile illness 
of unknown etiolog3^ About 3 months pre- 
viously, she had a gradual onset of weakness, 
anorexia and increasing fatigability. Shortly 
thereafter, there was an abrupt onset of 
sharp pain in the left side of her chest ante- 
rioily, which was associated with chills, fever 
and drenching sweats. She also had pains 
in the calves of both legs, and generalized 
aching of the joints. She was hospitalized 
elsewhere for 7 weeks, during which time 
she received penicillin and sulfadiazine. 
During her stay in the hospital she had 
3 episodes of epistaxis. Coincident with 
this treatment she improved and felt fairly 
well for 2 Aveeks after returning home. 
About this time, the mother of the patient 
was told that a rough sound over her heart 
had appeared. She was readmitted to the 
hospital because of fcA'er, malaise, anorexia, 
nausea and pain in the right side of the 
abdomen. She developed pain and swelling 
over the right ankle. Since the onset of her 
illness, she had noted some impairment of 
hearing in the right ear. She was ti-ans- 
ferred to the University Hospital for further 
evaluation of her illness. Just prior to entr\', 
giddiness and mUd dysuria had appeared. 
At no time had the patient complained of 
tender fingers and toes, nor ortho])nca and 
edema. No petechia" had been noted. 

Past Histortj. According to the mother 
the p.atient’s past life had been characterized 


by the absence of robust health. At the age 
of 5 or 6 years she had pains in the calves; 
from ages 8 to 10 she was said to be moie 
“nervous, jumpy and jerky” than any of 
her 10 siblings. She had had scarlet fever 
without known complications, rubella, A'ari- 
cella and mumps. Her heart had not been 
examined since the age of 8. 

Physieal Findings. The patient was fairly 
well developed, pale, and she appeared 
acutely ill. The temperature was 101° F.; 
pulse, 120 per minute; respirations, 24 jiei' 
minute; and blood pressure, 106/70. The 
pupils and fundi were normal. There was 
clotted blood in the right ear canal with 
an intact membranous tympanum. The 
pharynx appeared normal. The lung fields 
Avere clear. The heart Avas thought to be 
enlai’ged 8 cm. to the left of the midsternal 
line. There Avas a harsh systolic murmur in 
the fourth left intercostal space; no diastolic 
murmur was heard at this time. The rate 
increased from 120 to 140 in changing from 
the lying to the sitting jiosition. A proto- 
diastolic gallop rhythm AA'as noted. The 
liA^er and spleen Avere not palpated; both 
renal areas Avere tender. Neither petechia: 
nor edema Avere noted. The neurologic ex- 
amination was AAuthin normal limits. 

The initial impressions Avere acute rheu- 
matic endocarditis and renal pain due to 
sulfadiazine. Tlie latter impression Avas 
strengthened by the presence of a sulfadia- 
zine blood leA’el of 2.8 mg. per 100 cc. and 
sulfonamide crystals in the urine. Therapy 
AA'ith sulfadiazine therapy AA'as discontinued 
and the crystals were not found in the urine 
after the first day. 

Laboratory Studies. Blood e.xamination 
disclosed a hemoglobin of 11.8 gm., an 
erythrocyte count of 3,680,000 and a leuko- 
cyte count of 9850 cells per c.mm. The 
differential count shoAA-ed S98c neutrophils, 
10^7 lymphocytes and 1 monocytes. Fur- 
ther hematologic studies rcA'ealed a hyjier- 
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plastic sternal marrow, and histiocytes and 
undifferentiated reticular cells in the periph- 
eral blood, some of which contained ingested 
eiythrocjdes. On the basis of the latter 
finding the presence of a bacteremia or pos- 
sibly subacute bacterial endocarditis was 
suggested. 

The leukocyte count varied from 14,450 
to 4800 cells per c.mm. On 3 occasions a 
4% eosinophilia was recorded. The sedi- 
mentation rate was measui’ed at 40 to 
91 mm. in 60 minutes (Westergren). Albu- 
min was present Irut once in 22 examinations 
of the urine. Sugar was frequentlj' present 
from a trace to 1-)- quantities; the fasting 
blood sugar was 76 mg. per 100 cc. of blood. 
The highest urine specific gravity was 1.026. 

Repeated blood cultures remained sterile 
with the exception of the presence of a 
coagulase negative staphylococcus on 2 oc- 
casions. Microorganisms were absent from 
smears and cultures of pleural fluid removed 
during the 2nd week. A spinal fluid exam- 
ination on the 34th day showed normal 
findings. The Kline reaction of blood sei’um 
was negative. A tuberculin (1-100) test 
and a skin test with the nucleoprotein frac- 
tion of streptococcus remained negative. 
The antistreptolysin titer was 250 units. 
Agglutinins for lirucella, P. tularensis, E. 
typhosa and paratj'phosa were absent. The 
capillai^’’ fragility test was negative. The 
blood urea nitrogen was 7 mg. per 100 cc. 
at the end of the 1st month. A biopsj' of 
the left deltoid muscle showed normal tissue. 

Electrocardiograms revealed a first degree 
heart block. This finding was constant 
throughout her hospital staj\ 

On admission a roentgenogram of the chest 
showed evidence of a right pleural effusion 
and pneumonia of the right lower lobe, both 
of which slowly receded and were followed 
by similar changes on the left side. 

Course. The temperature followed an 
erratic pattern. During the 1st month her 
temperature ranged from normal to 101° F., 
with rises to 103° F. everj^ 3 to 5 days. 
These intermittent febrile episodes were asso- 
ciated with chills and exacerbations of the 
chest pain At the end of a month of 
observation the temperature rose to 104° 
and 105° F. daity and continued to do so 
until 3 days before death when it returned 
to normal levels. The blood pressure was 
at no time elevated; the systolic was usually 
below 100 and the diastolic below 60 mm. 


of Hg. Additional physical findings ap- 
peared, which were a palpable spleen, and 
a low-pitched diastolic murmur heard to 
the left of the sternum in the foui'th inter- 
costal space. Besides exhibiting febrile epi- 
sodes, accompanied by chest pain, the pa- 
tient also complained of pain in the abdo- 
men, flank and legs during the last 2 weeks 
of life. These areas were tender to palpa- 
tion, as well as various muscles, tendons 
and bones, even when examined gently. 

Shortlj" after admission to the hospital 
the patient was given 50,000 units of pen- 
icillin intramuscularlj’' every 2 hours, but 
therapy with penicillin was discontinued 
within a week. A month later penicillin 
was administered again, and she received a 
total of about 10 million units without 
apparent benefit. \\Tien she was not receiv- 
ing penicillin, she was given 6 gm. of sodium 
salicjdate daily for 33 days. She also receiv- 
ed whole l)lood transfusions, vitamin prepa- 
rations, ferrous sulphate and sedatives. 

Regardless of the treatment, her course 
became progressively worse. On the 49th 
hospital day, bilateral ankle clonus was 
elicited. She became progressively more de- 
lirious and finally comatose. On the 62nd 
day jaundice was noted. The one minute 
bilirubin test on the blood serum showed 
7.9 mg. % with a total of 11.5 mg. Bile was 
present in the urine. A cephalin flocculation 
test gave a 4-f- reaction in 48 hours. The 
liver was not palpable. She died suddenly 
on the 66th day. 

Autopsy. (21 hours after death.) Gross 
Findings. The bod}”^ was that of a 17 j^ear 
old white female 170 cm. in length, weighing 
an estimated 105 pounds. She was well 
developed but poorly nourished. Rigor, 
hypostasis and minimal cyanosis were pres- 
ent; jaundice was marked. There were 15 
small petechiffi over the sternal area. 

The peritoneal cavity contained 500 cc. of 
clear amber colored fluid; the right pleural 
cavity contained 30 cc. and the left 15 cc. 
of a similar fluid; there were 35 cc. of clear 
fluid in the pericardial sac. There were fresh 
pleural and interlobar adhesions on the right. 

The heart showed a square milk spot 2 cm. 
in size over the anterior surface of the right 
ventricle. The margin of the mitral valve 
was slightty thickened but was not deformed 
and did not har-e vegetations; the chorda 
tendineffi appeared normal. The valve meas- 
ured 7 cm. in circumference. The aortic 
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and pulmonary valves appeared normal. 
The entire length of the tricuspid valve was 
occupied by large, yellow, warty vegetations 
extending a full 18 mm. out from the valve 
margin. The vegetations extended down 
the chorda tendinese and there was one patch 
on the ventricular endocardium. The auricu- 
lar endocardium was free of involvement. 
The heart weighed 275 gm.; no cliamber was 
notably dilated or hypertrophied. The right 
ventricular wall measured 4 mm. in thick- 
ness along the lateral wall and 2.5 mm. at 
the lower margin. The coronary arteries 
were normal. 

The right hmg weighed 880 gm., the left 
675. There were multiple fine petechi® 
over the posterior visceral pleural surfaces 
of both lungs. There was widespread bilat- 
eral pulmonary edema. There were 3 small 
hemorrhagic areas grosslj^ resembling infarcts 
(1 in the lower portion of the right upper 
lobe and 2 in the inferior portion of the 
left lower lobe). No emboli were seen 
grossly. Throughout the areas of pulmo- 
nary edema there were scattered foci of bron- 
chopneumonia. This was particularly ap- 
parent on the left side. 

The sglccn was greatly enlarged, extending 
well below the costal margin and toward 
the midline. It weighed 830 gm. No in- 
farcts were identified. 

The fiver weighed 2250 gm. There were 
no infarcts nor occlusions of the hepatic 
artery. The liver appeared to be affected 
by cloudy swelling. 

The light kidnaj Aveighed 100 gm., the left 
125. Both capsules stripjied easily and the 
surfaces ajApeared normal. The lower pole 
of the riglit kidney showed an old depressed 
scar. 

The brain showed congestion of the vessels. 

Micnoscopic Examixation. Heart. The 
aortic and jiulmonary valves were normal. 
The mitral valve had prominent blood- 
ve.ssels and an increase in collagen with 
fibroblasfic proliferation in the free edge 
of the valve. There was no fibrinoid mate- 
rial. The slight thickening noted grossly 
and the microscopic changes indicated 
an old rheumatic infection which had not 
healed completely and which had not caused 
.'•oriou.s valve deformity. Sections of the 
tricu.^pid valve showed the large thrombus 
composed of platelet mas.'^c.^, polymorpho- 
nuclear coll,': and seatterod gram-positive, 
l>!eoinorphie organisms seen for the most 


part as .small rods, which were rounded on 
the ends. There were no microorganisms 
resembling streptococci or staplylococci. 
Some areas of the thrombus showed granu- 
lation tissue. Underlying the thrombus in 
the valve itself was considerable fibroblastic 
proliferation. There rvere some prominent 
ve.sse].s but no palisade arrangemeJit of cells 
nor fibrinoid material. The adjacent endo- 
carditis probably accounted for the fibro- 
blasts and dilated vessels; there was no posi- 
tive microscopic eAudence of old or recent 
rheumatic infection and the conclusion was 
that the hemophilus infection was the first 
invasion of this valve. The heart muscle 
showed a mild diffuse polymorphonuclear 
myocarditis. 

Lung. Most of the sections showed some 
alveoli filled with eiythrocj'tes or precipi- 
tated fluid with the alveolar wall disrupted 
in some regions. Adjacent to these areas 
there were thrombosed veins and less fre- 
quently thrombosed arteries. Adjacent to 
these areas small arteries and arterioles were 
seen in all degrees of thrombotic or embolic 
occlusion; occasional veins were similarly 
plugged. The corresponding vessel walls 
were infiltrated with pol 3 ’-morphonuclear 
cells, sufficient in some instances to be termed 
an arteritis. The pleura was thickened. 

Kidney. The glomeruli were enlarged 
and showed considerable endothelial pro- 
liferation but blood cells could be seen in 
the capillaries. The tubules and vessels 
appeared normal. There were man.v small 
collections of l.ymphoc 3 de.s particularlj’ near 
the glomeruli. The conclusion was subclini- 
cal acute glomerulonephritis. The sections 
through the old scar showed complete 
hyalinization of many glomeruli. 

Bladder: There was a mild cj^stitis. 

Liver: There was a A'ery slight fatty 
metamorphosis in the cells adjacent to the 
central veins. 

Spleen: The red pulp Avas engorged with 
er.vthrocA’tes, There was an increase in the 
number of polj'morphonuclear cells in the 
pulp and particularh' in the .sinusoids. The 
conclusion was acute splenitis. 

Adrenal: There were some collections of 
h-mphocA'tes in the medulla. 

Pancreas: Sections showed nothing re- 
markable. 

Brain: Sections of the brain showed scat- 
tered acute inflammatoiA- lesions. In some 
regions there was a number of neutrophils 
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throughout the leptomeninges. The con- 
clusion was earl}’- suppurative encephalitis. 

Bactehiologic Studies. At autopsy 
blood Avas withdrav’n from the right A^en- 
tricle under sterile precautions. The heart 
Avas opened aseptically, smears were pre- 
pared from the vegetations, and portions 
of the vegetations were placed in tryptose 
phosphate broth. Gram stains of the smears 
rcA^ealed small, gram-negative rods with 
rounded ends. Similarly staining organisms 
AA'ere obtained from the cultures of heart’s 
blood and from the A’egetations. GroAA-th 
of the organisms took place only in presence 
of "X” and “V” factors. The organisms 
failed to groAV on the surface of blood agar. 
HoAAwer, groAA’th was supported on freshly 
prepared chocolate agar plates. Growth also 
took place on blood agar plates adjacent to 
colonies of coagidase-positive staphylococcus, 
but without hemolysis around the small, 
opaque colonies of H. inflvenzx. Organisms 
from young cultures in broth rcA’ealed the 
presence of capsular swelling AA'hen mixed 
with Type B H. inflnmzx rabbit antiserum. 
This specific Quellung phenomenon was cor- 
roborated in 2 different laboratories. 

Although the Gram-Weigert tissue stain 
showed the organisms in sections of the 
A^egetations to be gram-positiA'e, stained 
preparations of smears of the vegetations 
and of the organisms cultured from the 
heart’s blood were consistently gram nega- 
tiA’e. The dissimilarit}’- betn’een the 2 stain- 
ing techniques has been noted with other 
gram-negath’^e organisms.** 

Comment. Influenza bacilli associated 
Avith human disease haA’e been diAuded 
into 2 main groups, namely, H. inflitcnzse 
and H. -paramfltienzx. The former re- 
quires the so-called “X” and “V” factors 
for groAvth, whereas the growth of the lat- 
ter is supported by onl}’- the “V” factor. 
Furthermore, as Pittman® and Platt® have 
shoAATi, smooth, encapsulated strains of 
//. influenzas may be divided into several 
types AA-ith specific antisera. In a review 
of the reported cases of influenzal endo- 
carditis, CraA'en, Poston and Orgain® haA^e 
accepted 36 cases, including 2 of their oasti, 
as being due to influenza bacilli. But in 
this group there Avas not one proA’ed case 
caused by II. infliicnzse. More recently. 
Rose*® reported the clinical and patlio- 


logic findings of the first authentic case 
of bacterial endocarditis due to H. influ- 
enzas. The causative organism Avas Type A 
II. influenzae. 

In the present case, a pure culture of 
H. influenzas Avas isolated from the A-^ege- 
tations on the tricuspid Amlve. GroAA'th 
of this organism took place only in the 
presence of “X” and “V” factors, and 
AA'hen studied in 2 different laboratories, 
AA'as found to be II. influenzas, Type B. 
Repeated cultures of A'enous blood during 
life remained, sterile. There AA'ere no 
demonstrable embolic phenomena AA'hile 
the patient AA'as under observ'ation. The 
sterile cultures and absent peripheral em- 
boli may be accounted for by the fact that 
localization of the lesion Avas on the right 
side of the heart, and the lungs filtered 
out the organisms from the blood. It is 
unfortunate that the bacilli Avere not 
isolated from the blood stream during life, 
since it has been demonstrated that strains 
of Type B H. influenzae are sensitiA'e to 
the antibacterial action of streptomycin.® 
Cultures of the strain obtained at post- 
mortem Avere lost before their in vitro sen- 
sitiA'ity to streptomycin could be deter- 
mined. It is of interest that Type B 
H. influenzae is the most frequent cause 
of meningitis in infants under 12 months 
of age at the UniA'ersity of Minnesota 
Hospitals. However, this organism rarely 
causes serious disease in adults. Alexan- 
der,* who has had an extensive e.xperience 
Avith infections caused by this species of 
influenza, has neA'er encountered it as a 
cause of bacterial endocarditis. 

ICresky® has reported a case of a 3 year 
old girl Avho died of suppurative peri- 
carditis due to Type B H. influenzae. At 
autops}', the endocardium and surfaces of 
the A’-ah'es appeared normal. He described 
5 other cases collected from the literature, 

3 Avith meningitis. Postmortem examina- 
tion was carried out in 2 of the 5 cases 
and no A'alvular disease was found. 

Another pertinent feature of the find- 
ings in the present case was the localiza- 
tion of the bacterial A'egetations on only 
the tricuspid A'ah-e. Blumer,® in a reA'ieAV 
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of 146 cases of subacute bacterial endo- 
carditis which came to autopsy, stated 
that the tricuspid valve was the only 
valve involved in 3 cases (2 %) . Middleton 
and Burke'^ found 1 out of 49 cases at the 
Wisconsin General Hospital with involve- 
ment of the tricuspid valve only (2%). 
In the material studied in the Department 
of Pathology at University of Minnesota 
Medical School, Clawson'* observed lociil- 
ization of vegetations on the tricuspid 
valve alone in 7 of 363 cases of subacute 
bacterial endocarditis (1.92%). 

There were no features in this patient’s 
illness which, on an etiologic basis, would 
serve to distinguish the clinical course 
from that of other cases of subacute bac- 


terial endocarditis due to II. imrainflucnzsc. 
This is in agreement with the conclusions 
of Rose*® with respect to his case of 
Type A II. injlucnzx. The atypical clini- 
cal course may l)c ascribed in part to tlie 
localization of tlie bacilli on the tricuspid 
valve. 

Summary. 1. The clinical and patho- 
logic findings are described for a case of 
subacute bacterial endocarditis due to 
Type B H. wjlxtcnzx. As far as can be 
determined, this is the first proved instance 
of bacterial endocarditis caused by this 
species of influenzas. 

2. The bacterial vegetations were local- 
ized on only the tricuspid valve. 


REFERENCES 

1. Ai.e-xandek, H. E.: Personal communication. 

2. At.EXANDER, H. E., and Leidv, G.: Science, 104, 101, 1910. 

;i. Blumeh, G.: Medicine, 2, 105, 1933. 

4. Ceawson, B. J.: Pcr.sonal communication. 

5. Graven, E. B., Poston, M. A., and Orgain, E. S.: Am. Heart .1., 19, 434, 1940. 
0. Kreskv, P. J.: Am. .1. Dis. Child., 65, 305, 1943. 

7. Middleton, W. S., and Burke, M.; Am. J. Med. Sci., 198, 301, 1939. 

<S. Pitt.man, M.: J. Exp. Med., S3, 471, 1931. 

9. Platt. A. E.: J. IlyR., 37, 9S, 1937. 

10. Rose, H. M.: Am. .1. Med. Sci., 202, 1S7. 1941. 

11. Spink, W, W., and Nelson, A. A.: Ann. Int. Med., 13, 721, 1939. 



144 


PULASKI, AMSPACHER: STREPTOjWYCIN therapy of tularemia 


STREPTOMYCIN THERAPY OF TULAREMIA IN U. S. ARMY HOSPITALS 

By Major Edivin J. Pulaski, M.C., A.U.S. 

AND 

Col. William H. Amspacher, M.C., U..S.A. 

rOIiT SAM HOUSTON, TEXAS 

(From the Research Unit Brooke General Hospital,, Brooke Army Medical CeiiteO 


Heilman^ first reported in 1944 tliat 
stTeptomycin exerts a strong 7?i vitro 
action on Pasteiirclla Uilarcnse and is 
capable of curing tiie e.\-perimentall 3 '^ pro- 
duced disease. This action was subse- 
quentlj' confirmed bj' us.* TJie first re- 
port of its clinical use in tularemia tvas 
bj^ Foshay,* who reported that after its 
administration® patients with infection of 
the ulceroglandular type all showed sub- 
jective improvement, regression of Ij^mph- 
adenitis, and remission of temperature. 
Other reports were to the same effect.^---'*'® 
The National Research Council’s most 
recent report^ on streptomycin in the 
treatment of infections included 67 cases 
of tularemia with 63 recoveries, on the 
basis of which the following statement 
was made: “It can be stated with con- 
fidence that streptomycin is an extremely' 
effective agent in tularemia and that it is 
by' far the best therapeutic agent avail- 
able for the treatment of this disease. 
Early' diagnosis and treatment by' intra- 
muscular injection for 5 to 7 day's with an 
average amount of 1 gm. daily' should be 
used in all patients. In the pulmonary' 
and pleural forms with continuous fever 
without localizing signs, it is desirable to 
give 2 gm. daily' for 7 day's or longer until 
the disease is under control.” 

Present experience in the Army' Strep- 
tom.vcin Study' program covers 10 cases of 
tularemia, 1 of the ty'phoidal and the 
others of the glandular ty'pe. Pneumonia 
was a complication in 3 cases, in 1 of 
which it was associated with nephritis. 
The patients, who were all adult males, 
acquired the infection in the South or 
Southwest of the United States. Two 
patients had had recent contact with wild 
rabbits and 4 presented tick bites at the 
site of the local lesion. In the 2 remain- 


ing cases the history' of contact wao 
obscure. All patients had, or later devel- 
oped, specific agglutinins in high titer, 
but the causative agent was isolated from 
only' 2 patients. 

Streptomycin was administered to all 
patients intramuscularly' at intervals of 3 
or 4 hours in daily doses of 1 to 3 gm. for 
periods of 7 to 14 day's. Recovery' was 
smooth in all cases, Mthout relapses or 
complications. 

Report of Cases. Case 1. Typhoidal 
type. A white male, 32 years of age, who 
had killed and dressed Mid rabbits a week 
earlier, suddenly' developed headache, gen- 
eralized aching, chills, fever and stiff neck. 
The patient’s brother-in-law who also helped 
dress the same rabbits was admitted to 
another hospital because of an ulcer on his 
finger and a diagnosis of “rabbit fever.” 
On admission the temperature was 104.5° F. 
with extreme nuchal rigidity', suggestive 
Babinski and Kernig signs. No localized 
swelling or tenderness was e'\'ident on exam- 
ination. The abdomen, heart, and lungs 
Avere clinically' negative. The spinal fluid 
was negatiA'e. The white blood count was 
11,700 (77% polys Mth 10% stab cells). 
The admission chest film was negative. On 
the basis of the aboi'e findings, a tentative 
diagnosis of tularemia, ty'phoidal ty'pe, ivas 
made. The day' after he ivas hospitalized, 
Avhich was the 8th day' of iUness, blood 
serum agglutinins for P. tularense were posi- 
tive in a dilution of 1:40. Roentgenologic 
examination confirmed the presence of a 
right lower lobar pneumonia, but no cau.?al 
organism could be groira from the sputum. 

Streptomy'cin was administered in doses of 
0.125 gm. intramuscularly' every' 3 hours. 
The temperature promptly fell from 105° F. 
to normal, the fall being followed by a secon- 
dary rise to 100° F. At the end of 48 hours, 
liecause of temporary' e.xhaustion of the 
supply, the drug Avas discontinued for 
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12 hours. The temperature promptly rose 
to 105° F. It was then resumed for 5 days 
a total dosage of 6 gm. being given; 36 hours 
after resumption the temperature fell and 
remained under 100° P. Residual fever 
subsided by lysis by the 7th day and the 
pneumonic process cleared completely by 
the 12th day. No clinical relapse occurred. 
In the meantime the blood serum agglutinins 
had increased steadily until a titer of 1:2560 
Avas maintained. 


pneumonia Avas confirmed by roentgenologic 
examination. Blood and sputum cultures 
Avere non-contributory. Uilne shoAved a 
moderate albuminuria and culture grcAA" P. 
kilarense. The blood serum agglutination 
titer AA’’as 1 : 1480. 

Streptomycin Avas administered intramus- 
cularly in doses of 0.2 gm. OA'er a 14 day 
period at 4 hour intervals. A total of 15 gm. 
AA'as giA'en, The response AA'as sIoav but pro- 
gressive. The patient became afebrile on 



Fifj. 1. — C.asc ;L UlccioclancIuI.tr tularemia, complicated by pneumonia. 


Cask 2. Ulccroglandular type. A AA'hite 
male, 23 years of age, developed a lesion on 
the back of the left hand 4 days after hunt- 
ing rabbits. Ho deA-elojted fcA’er, chills and 
gencralir.cd aching and pain localized in 
loAA-cr back region; more on the left .side. 
A local jAhysician administered 25 doses of 
penicillin AA-ithout benefit. He continued 
Avith severe generalized muscular jAains of 
ivrms, legs, back and neck, and began to 
notice a cough and some p.ain in his left 
chest. When he AA’as hospitalized, on the 
32nd day of illne.ss, the cpitrochlear and 
axillary lymph nodes Avere enlarged and 
fender. The lesion on the back of the left 
hand Avas ulcerated atid lAiescntcd a black 
e.schar; it Avas 2 cm. in diameter. On the 
left fhumb Avas a smaller lesion of the same 
kiiui. Clinical evidence of bilater.al broncho- 


the 35th d.ay of illne.ss and the urine became 
completely free of albumin 1 month later. 
In the nreantime the ]Arimar 3 '' ulcer had 
healed sloAAdy and the lung had cleared. 

Case 3. Ulccroglandular type. The pa- 
tient, a Avhite soldier, 23 years of age, dcA'el- 
oped ulceration of the forehead in the region 
recenth’’ tinuiAAatized bj’ a sharp bloAv, AA'ith 
fcA'er and enlargement of the anterior cerA-ical 
hmiph lAodcs, 3 weeks before admission. 
WheiA first seen in the hospital, the physical 
examination AA’as negatiA’o except for a small 
ulcer of the forehead about 2 cm. in diameter 
and 0.5 cm. deep, and enlarged h-inph nodes 
of the. anterior cerA'ic.al chain. The blood 
scrum agglutination AA’as jAositiA’e for P. 
iularcnsc in a dilution of 1 .’2560. 

Streptomycin therapy AA’as begun by the 
intramuscul.ar route in doses of 0.2.5 gm. 
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every 3 hours and was continued for 15 days. 
A total of 30 gm. was given. The ulcer im- 
proved rapidty, and was healed in 7 days. 
The cervical tymph nodes became fluctuant 
and required incision and drainage. Cul- 
tures on C3^stine media of material taken from 
lymph nodes were negative, as were cultures 
of the ulcer taken before streptomj'cin was 
begun. The illness was complicated bj' a 
right lower lobar pneumonia, presumably of 
tularemic origin, since no other etiologic 
organism could Ije groum. Fever subsided 
by lysis on the 35th day (Fig. 1). In the 
meantime the pneumonia cleared, and drain- 
age from the Ijrniph nodes ceased Awth reces- 
sion of the swelling, and uncomplicated 
wound healing. 

Case 4. Oculoglandular type. A white 
male, 26 j^ears of age, was admitted vath a 
history of having rubbed the left e3'-e after 
scratching the site of a tick bite on the lower 
extemity, about a week prior to admission. 
Four days before entering the hospital the 
eye became swollen, red, itchy and painful. 
Examination revealed a swollen, tender, left 
e3’'e with a marked conjunctivitis. There 
were 2 opposing ulcers of the conjunctiva 
of the lower lid each measuring approxi- 
mately 3 mm. in diameter. There was con- 
siderable marginal hyperemia and some 
purulent exudate in the vicinity of the ulcers. 
A string of small, lymph nodes presented in 
the anterior cervical chain, and the largest 
measured approximately 1 cm. in diameter. 
Smear from the conjunctival ulceration 
showed small gram-negative rod-like organ- 
isms morphologically resembling P. hdarense. 
On admission the temperature was 103° F. 
Blood serum agglutination for P. hdarense: 
day of admission, negative; at the conclusion ' 
of therap3q positive, 1 :80; 1 week after ces- 
sation of therap3q negative. Urinab'sis, 
complete blood count and blood serologic 
tests were non-contributor3% A diagnosis 
of oculoglandular tularemia was made. The 
patient was given streptomycin, 0.4 gm. 
intramuscularly ever3' 3 hours for 12 days, 
and in addition, topical applications of 
streptom3'cin, in sterile isotonic saline, 3 mg. 
per cc. 4 to 8 drops 4 times a da3n The acute 
inflammator3' process subsided rapidly. On 
the 9th day of treatment the e3^e appeared 
normal, the ulcerations were healed, the 
\-ision of the left 03-6 was 20/30. At the time 
of discharge, 1 week later, recheck of the 
\-ision showed 20/20 readings. 


Comment. In Case 1 the dramatic, 
immediate response to streptom3'cin was 
not maintained because lack of supply 
caused an interruption in continuity of 
administration of the drug. Cure was 
effected when a second course was given, 
and the drug assuredl3" influenced the 
result. In Case 2 streptomycin therap3', 
while not dramatic in effect, undoubtedly 
played a role in the patient’s recovery; 
the severit3" of his illness would ordinarily 
have been associated with a grave prog- 
nosis. In Case 3 the patient had passed 
the critical stage of his illness rvhen strep- 
tomycin therapy was begun, and the only 
objective evidence of therapeutic effect 
was the healing of the ulcer focus and the 
recession of the lymphadenopath3’. In 
Case 4 streptom3'cin therapy effected a 
rapid cure. The conjunctivitis and asso- 
ciated ulcers healed within 9 da3"S, and the 
vision in this eye was normal at the con- 
clusion of the course of therapy. 

The remaining 6 cases are not presented 
in detail because the3' contain no particu- 
lar features of interest. In these cases 
the disease was of the ulceroglandular 
type and diagnosis was made by positive 
agglutination tests in dilutions of 1:1280 
to 1:5120. Each patient had 7 gm. or 
more of streptom3'cin over a 7 da3' period. 
Healing of the initial lesion, in each case 
in the groin, was slow but progressive, 
and regression of the associated lymph- 
adenopathy was also progressive. In 3 
instances suppuration of the l3'mph nodes 
was extensive enough to require aspi- 
rations. With streptom3'cin therapy wound 
healing will follow surger3'. 

The combined experience of all observ- 
ers indicates that streptom3"cin is the most 
effective drug presentl3'^ available for the 
treatment of tularemia. Given in doses 
of 1 to 3 gm. dail3' it causes remission of 
the local and S3’stemic manifestations of 
the disease. A dosage in the amount of 
2 gm. dai!3' appears preferable and is 
recommended. Duration of treatment 
varies from 7 to 14 da3's, depending upon 
the t3q)e and severit3' of the infection. In 
the later stages of the ulcero-glandular 
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form of the disease, tlie role of streptomy- 
cin therapy is less significant, since (1) 
spontaneous cures are known to occur, 
and (2) tlie observed changes in our series 
of cases were slow. 

Summary and Conclusions. 1. Strepto- 
mycin- is the most effective drug available 
for the treatment of tularemia. Em- 
ployed in doses of 1 to 3 gm. a day, the 
antibiotic produces remission of the local 
and systemic manifestations of the disease. 


A 2 gm. a day dosage schedule appears 
preferable and is recommended. Dura- 
tion of treatment varies from 7 to 14 days, 
depending upon the type and severity of 
the infection. 

2. Experiences with 10 cases of tularemia 
treated with streptomycin in U. S. Army 
hospitals are presented. 

3. Accidentally or deliberatey incised 
or excised buboes of tularemia heal wth 
adequate streptomycin therapy. 
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In 1945 Fox and SennetF summarized to the South View Isolation Hospital, 
the literature and analyzed the clinical 6 (60%) of whom were pregnant. These 
data showing increased susceptibility to patients were in various stages of preg- 
poliomyelitis. They recognized a total of nancy: 3 in the first trimester, 1 in the 
85 cases up to and including the epidemic second, 1 in the third and 1 patient who 
of 1943. It is apparent that not all cases delivered only 5 days previous to the onset 
of poliom 3 ’'elitis in pregnant women were of the disease. In the 1946 epidemic, 
recorded in the medical literature or in- 14 married women were admitted to the 





Table 1.— Data 

ON 14 Cases in 1945 and 1943 


Patient 

Age 


Duration of 
pregnancy 

Convalescence 

1945 

Result of pregnancy 

1. 

Mrs. N. MoF. 

35 

mos, pregnant 

Slight stiffness of neck and 
back persisted 

Expelled blood and products of con- 
ception on 3rd to 5th hosp. day 

2. 

Mrs. J. O’C. 

19 

2 

i{ « 

Muscle weakness persisted 

Miscarriage ? mo. 

3. 

Mrs. F. L. 

38 

3 

<( « 

Recoverj' of muscle spasm 
and paralysis 

Delivered normal baby 

4. 

Mrs. A. K. 

25 

5 

« u 

Paralysis of lower limbs 

Pt. delivered by Cesarean section 
but baby died due to Rh factor 

o. 

Mrs. L. K. 

30 

Si 

u u 

Died 9 days postpartum 

Delivered normal 6 lb. 1 oz. boy 

6. 

Mrs. iM. R. 

27 

5 

days postpartum 

Died 12 days postpartum 

194G 

Normal baby 

1. 

Mrs. W. L. 

21 

1 

mo. preanant 

Marked paralysis (in Emer- 
son respirator at time) 

Aborted 1 mo. 

2. 

Mrs. C. E. 

23 

3 

mos. pregnant 

Complete lecovery 

Miscarriage at 3 mos. 

3. 

Mrs. E. B. 

31 

3i 


Uccovery of nil muscles 

Subsequently delivered normal baby 

4. 

Mrs. D. S. 

20 

35 

“ “ 

Recovery of all symptoms 

Subsequently delivered normal baby 

5. 

Mrs. J. E. 

27 

5 


Re.sidual jiarcsis 

Miscarriage 3J mos. 

fi. 

Mrs. M. 

27 

(> 

“ 

Complete recovery 

Normal delivery 


Mrs. E. T. 

22 

7* 

(( U 

Weakne*y4 of muscles in- 
volved; persisted with 
little change 

Delivered normal baby 

S. 

.Mrs. N. P. 

23 

14 

days postpartum 

Slight spasm of neck with 
pain in back muscle and 
pain of quadriceps 

Normal baby 


eluded in the paper by Fox and Sennett.^’ Hospital. Of these, S (57.1%) were preg- 
Since it seems important to establish nant. Two patients were in the first tri- 
thoroughly whether any true relationship mester, 4 in the second,- and 1 in the 
exists between poliomyelitis and the preg- third. One patient had delivered a normal 
nant state, we are presenting additional child 14 days previously, 
information in this paper. Thus there seems to be no preponder- 

Data from the 1945 and 1946 epidemics ance of patients in any one of the preg- 
are listed in Table 1. In the 1945 epi- nancy trimesters. Waaler'® also had 
demic, 10 married women were admitted found no time relationships as far as inci- 
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dence is concerned, but be did cite the 
fact that “the prognosis for mothers con- 
tracting poliomyelitis in the last months 
of pregnancy is bad,” since S of his 33 
patients died in the last two trimesters. 
Of our 24 cases, 2 died in the last two 
trimesters. Ajmock^ states that there are 
fewer cases in the first 2 monjths of preg- 
nancy, and also concludes from his data 
“that there is a tendency for the disease 
to occur in the first trimester in those who 
are carrying a female fetus.” Certainly, 
additional data would he welcome from 
further sources to support this interesting 
observation. 

In attempting to summarize the total 
number of cases of pregnancy complicat- 
ing poliomyelitis, or of poliomyelitis com- 
plicating pregnancy, one is struck by the 
relatix'e paucity of recorded literature on 
the subject. The discussion regarding 
intrauterine poliomyelitis has brought to 
light several instances of pregnancy com- 
plicated by poliomyelitis. While the 
majority of the authors were primarily 
concerned as to whether poliomyelitis in 
the mother has an effect on the fetus, all 
the cases cited in these reports can be 
included in the present tabulation. These 
papers, however, furnish no comparative 
data ns to the incidence of the di.sease in 
gravid rrmis non-gravid women, which 
is a very important consideration. Har- 
mon and Hoync*’ cite 2 women, aged 30 
and 32 years respectively, who wore in 
the (5th and <S(h months of gestation. 
Wakefield*' reported 1 woman 18 years of 
age who developed poliomyelitis during 
the 12th week of pregnancy. Subse- 
quently, she delivered uneventfully ai nor- 
mal child at S', months. TJie report by 
Waaler,*'’ on various aspects of the prob- 
h'ln, eite.s 33 cases of jjnliomyeiitis in 
women in <liff’ereut stages of jjregnancy. 
He also notes that in the Rergen, Norway, 
epidemic of 1941, the Epidemiologic De- 
l)artment of the Haukeland Hospitiil had 
23 women, 7 of whom were iiregnant. 
Netteblad'- q\JiUcd fi rases out of 42 adult 
women. .Taeobsen** observe<l 7 pregnant 
women with poliomyelitis and Pahnsti- 


erna'^ liad 2 cases of poliomyelitis in 
mother and new-born infant. Hhrny® 
mentioned 2 cases and Schultze,’^ Zim- 
mermann,'^ Guttman,'* Ruhl,''* Hansen,^ 
and Morrow and Luria" mentioned I case 
each. Waaler''* claims to have succeeded 
in finding only 2.5 cases of poliomyeliti.s 
in pregnant women in the literature. He 
was obviou.sly handicapped in liis .search 
for the American literature was evidently 
unavailable to him. In our judgment, the 
literature .sliows a total of 71 cases of 
pregnancy with poliomyelitis. An ucurate 
diagnosis is essential in any consideration 
of the subject. Without complete verifi- 
cation, cases not poliomyelitis could pass 
as such. 

We wish to refer now to an interesting 
illustrative case. 

Ca.se 1.— A 27 }'ear old white female was 
admitted to the South View Isolation Hospi- 
tal, having had a noiTnal .spontaneous de- 
livery of a live and healthy baby girl. Dur- 
ing lier labor she .suddenly developed dizzi- 
ness and jwesented a right hemiplegia with 
inactive right diaphragm, and a flaccid par- 
alysis of the right arm and leg. She became 
increasing!}’ worse and was admitted to the 
Hos|)ital as a poliomyelitis suspect 4 days 
later. 

Physicnl examination revealed a well-de- 
veloped and well-nouri.died white female 
who had a paralyzed right arm and log, pain 
and tenderness in the right shoulder and 
arm, absent knee jerks Inlater.ally, and 
marked weakness of the left arm and loft 
leg. Her re.spirations were labored and ,«he 
was unable to void. A catherized specimen 
of virinc was cloudy and contained 4-i- albu- 
min and numerous pus cells. 8pina! punc- 
ture released fluid which contained L50 RBC 
per c.mm. and 1.5 WBC per c.nun. Two 
days later the spina! fluid contained 274 
RRC i)or c.mm. and 2 WBC j>or c.mm. 
Her tcinj)orature I'emaiued elevated, varying 
between 99.6° and 105° F. E.xamination 
on September 12 revealed a completed flac- 
cid paralysis of the right arm and right leg, 
right sternocleidomastoid, and rigid dia- 
phragm. She was barely able to move the 
fingers of lior loft hand and the toe.? of her 
left foot. The left diaphragm was active, 
but the right side of the chest was entirely 
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inactive. Cough reflex was present but 
weak, and her ability to swallow at this time 
appeared to be unimpaired. The bladder did 
not function and required catheterization. 
Two daj’^s later she developed increasing 
difficulty in swallowing and did not respond 
to questions. The mucus collecting in her 
pharynx had to be aspirated frequently and 
she continued a progressive^' domiward 
course, finally becoming moribund. Death 
occurred on Sept. 16, 1945. 

Necropsy. The following significant le- 
sions were found in the brain and spinal cord. 
The medulla showed a gray-pink discolora- 
tion of the posterior one-third of the floor 
of the fourth ventricle; the right side was 
frankly hemorrhagic. The serial sections 
throughout the medulla and cervical cord 
showed that the hemorrhage formed a con- 
tinuous columnar structure extending well 
into the upper portion of the ceridcal cord. 
The hemorrhagic area was located in the 
right side of the cord and involved primarilj' 
the right anterior column. Alicroscopic 
examination revealed an irregular area of 
hemorrhage and softening in the right ven- 
tral area. The hemorrhage destroyed the 
tissues in this area while the surrounding 
zone was vacuolated, congested, and ex- 
hibited neuron degeneration. The anterior 
horn cells throughout the lumbar and thor- 
acic cord were without significant change. 
The postmortem conclusions were that this 
was a case of hematomj'elia complicating 
labor. 

The interesting point about this case 
is the ease with which it could be mis- 
diagnosed as a case of acute anterior 
poliomyelitis, were it not for the necropsy 
and spinal fluid findings. 

The case cited above may be compared 
to one of poliomyelitis. 

Case 2. A .30 year old woman, pregnant 
Sj- months, entered South View Isolation 
Hospital on Nov. 11, 1945, with complaints 
of pain in the back of the neck and along the 
back of the thighs and lower back. Tem- 
perature on admission was 98.8° F., pulse 
132, respirations 26. Reflexes were 0 to l-f 
with flaccid paralysis of both lower extremi- 
ties, flaccid paralysis of the right arm, and 
weakness of the left arm. This patient was 
able to -swallow without too much difficultj' 
but developed slight occasional twitching at 
the left angle of the mouth on the 2nd hospi- 


tal daj'. On the 3rd da 3 ', she gave birth to 
a 6 pound 1 ounce boj' who was and who 
has remained normal in ever}' respect. The 
patient’s left arm became progressively 
weaker and by the 6th hospital day she had 
paraplegia with increased bulbar involve- 
ment. She could protrude her tongue only 
slightly, could open her mouth about 1 inch, 
and had profound weakness of the facial 
muscles, especially on the left side. On the 
evening of the 8th hospital day, the patient 
had increasing difficulty swallowing as well 
as a rise in temperature to 100.2° F. The 
course was unchanged until the 12th hospital 
day when she had very shallow respirations, 
a rise in temperature, and a fall in blood 
pressure. The cough reflex disappeared and 
the patient died that evening. 

Laboratory findings showed the spinal 
fluid clear on admission ; 20 cells with 100 % 
lymphoc 3 rtes. The urinatysis was negative 
throughout the hospital stay until the daj' 
of death when it showed a 4-1- albumin, 
15 WBC per low-power field and 10 RBC, 
and an occasional cast. 

Treatment included hot packs to the af- 
fected limbs and sjcmptomatic medication. 

Autopsy. Pertinent findings were limited 
mainly to the brain and spinal cord. These 
confirmed the clinical diagnosis of polio- 
myelitis. A focal hemorrhage of the sub- 
stantia nigra, minute hemorrhages in the 
ceri'ical cord, pulmonarj' congestion, basal 
atelectasis, and an area of m 3 'ocardia] degen- 
eration were also noted. 

■ These 2 cases are presented for compara- 
tive purposes to point out the fallacy of 
regarding a case of paralysis as polio- 
m 3 'elitis merel}' because it occurs during 
the epidemic season, when no other cause 
can be ascertained at the moment. 

It is of some interest to note that both 
grossl}' and microscopically this case ex- 
hibited multiple hemorrhages. So far as 
we can determine, this occurrence has 
not been noted in the pathologic changes 
of poliom 3 ’elitis. 

Discussion. It seems from our data, as 
from several reports on the subject, that 
the pregnant woman is apparent!}' more 
susceptible to the poliom 3 'elitis virus than 
the non-pregnant woman. The previous 
paper bv- Fox and Sennett^ cited several 
reports in the literature whieh supported 
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the thesis that the endocrine glands influ- 
ence susceptibility or resistance in some 
way as yet not fully understood. Numer- 
ous references can be made to glandular 
changes which occur in pregnancy, and, 
as pregnancy progresses, to the effect of 
the fetal ductless glands on the maternal 
metabolism; but more specific citations 
can be made. The theory that the endo- 
crine glands can influence susceptibility to 
poliomyelitis receives support from Junge- 
blut and Engle,'® who believe that immun- 
ity in this disease is dependent upon 
physique and physiologic mechanisms such 
as menstruation and pregnancy. How- 
ever, their work, indicating that the 
immune body content of the sera varied 
with the menstrual cycle, has been op- 
posed by the more extensive studies of 
Hudson, Lennethe and King.^ Jungeblut 
and Engle'® found that after adrenalec- 
tomy the sera of certain monkeys failed 
to neutralize the virus. After treatment 
with cortical hormone, the neutralizing 
] 50 wcr returned. Adrenalectomy caused 
the disappearance of the natural polio- 
myelitis antibody, but the antibody pre.s- 
ent in animals recovered from the infection 
did not disappear. For such cases, 
Aycock'- introduced the term “autarcesis,” 
the power to resist infection. This quality 
is inherent in the normal physiologic func- 
tion of the body. While lie admits that 
immunity following contact with the virus 
is important, he stresses tlie role of nor- 
mally changing physiologic imbalance in 
causing increased susceptibility to infec- 
tion. The multiple physiologic changes 
occurring in pregnancy make it seem not 
unlikely that differences in susceptibility 
are encountered between the gra\-id and 


non-gravid state, which make the gravid 
patient more susceptible. 

Several groups of workers have at- 
tempted to determine whether poliomyel- 
itis runs an unusually fatal course during 
pregnancy, but the evidence cannot be 
regarded as conclusive. Others have pre- 
sented evidence that the prognosis is bad 
for mothers contracting poliomyelitis in 
the last trimester. This issue also cannot 
be determined with any finality when we 
take into consideration that viruses with 
different characteristics make their appear- 
ance during one epidemic and in various 
parts of the country. The variations from 
year to year and variations in virulence 
of the virus are onlym few considerations 
to be kept in mind in a critical evaluation 
of this matter. 

Summary and Conclusions, 1. The 
total number of recorded instances in 
which pregnancy complicated poliomyeli- 
tis or poliomyelitis complicated pregnancy 
is well over 175, 

2. Data from the 1945 and 194G epi- 
demics indicate that of 24 married women 
admitted to the South View Isolation 
Hospital with a diagnosis of poliomyelitis, 
14 were pregnant. 

3. The incidence of poliomyelitis ap- 
pears to be greater in pregnant than in 
non-pregnant women, though it has not 
been feasible to confirm our flata b\’ 
statistical methods. 

4. One case of hematomyelia is cited 
whicli clinically simulated poliomyelitis. 

5. Influence of the glandular changes 
of pregnancy which affect the physiologic 
balance of the patient and, tlierefore, 
susceptibility to poliomyelitis, is ofl'ered 
as a possible explanation for the appar- 
ently greater incidence in pregnant women. 
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PA-PIN (TRANSIENT PARALYSIS) COMPLICATING ASIATIC CHOLERA 

By Keh-wei Huang 

AND 

Ying-chi Mao 

THE PROVINCIAL INSTITUTE OF INFECTIOUS DISEASES 
CHENGTU, CHINA 


One of the authors (Huang^) reported 
12 cases of Pa-Pin, or transient paralysis, 
simulating familial periodic paralysis. All 
of these cases showed a uniform clinical 
picture identical with that of familial 
periodic paralysis except for 2 points: (1) 
absence of family history and (2) fre- 
quency of the disease in certain salt-pro- 
ducing areas, wliere the salt was proved to 
contain high percentage of barium chloride 
(as high as 25.69% has been recorded). 

Du and Dung® reproduced a similar 
symjjtom-complex in dogs by oral or intra- 
peritoneal administration of pure barium 
chloride, and believed barium poisoning 
to be the cause of the transient paralysis. 

One of the authors (Huang®) was able 
to produce similar flaccid paralysis of legs 
of rabbits by intravenous administration 
of pure barium chloride, but was not able 
to abolish the paralysis by intravenous 
application of potassium as in the human 
ca.ses. Chow® repeated it on dogs with the 
same result. 

Chang and Loo® reported a case of poi- 
.soning with barium due to ingestion of 
pure barium chloride by mistake. Not 
only the symptoms and signs were identi- 
cal with those of Pa-Pin, reported by 
Huang, and those of familial periodic 
paralysis, but also the response to ad- 
ministration of potnssimu was identical. 

Except for Huang’s failure in using 
jiotassium to relieve paralysis caused by 
barium in rabbits and Chow’s similar ex- 
perience in dogs, all of the evidence on 
hand speaks for barium chloride as the 
cause of the fairly common disease, Pa-Pin, 
in Szechuan Pro\’ince. The mechanism of 
production of flaccid paralysis by barium 
chloride is not known yet. The cases we 
are reporting may contribute something 


to the understanding of the metabolism 
of barium in the human body and the 
pathogenesis of paralysis. 

Case Reports. ’The authors met 11 cases 
of the same transient paralj'-sis among 
1620 cases of Asiatic cholera admitted to 
the Prowncial Institute during an epidemic 
in the summer of 1945.*^ All of the cases 
developed parab^sis immediately after re- 
covery from cholera and all responded to 
treatment with potassium. The diet given 
in the Institute during the epidemic was 
absolutely devoid of free salt and no food 
from outside was allowed. Different sam- 
ples of sodium chloride used for intravenous 
infusion were analyzed bj’’ Professor Chow* 
and found to contain no trace of barium. 
The details of the cases are presented in 
Table 1 in simplified form. 

Discussion. Aitken, Allot, Castleden 
and Walker^ found that, in cases of familial 
periodic paralysis, both serum potassium 
and urine potassium were reduced during 
an attack, and serum potassium returned 
to normal level and urine potassium was 
increased above normal after an attack. 
Unfortunately, determination of serum po- 
tassium was not made in the cases of 
transient paralysis, owing to the lack of 
facilities for accurate analysis under w'ar- 
time conditions in China. Judging from 
the clinical features and good response to 
potassium, the pathogenesis of paralysis 
should be the same as that of familial 
periodic paralysis. If so, it is natural to 
think that barium e.xerts its action by 
disturbing potassium metabolism. Natur- 
ally, the question arises: whether familial 
periodic para^-sis is also due to barium 
poisoning or whether barium poisoning is 
only one of the causes for disturbed potas- 
sium metabolism. Feng® showed that 


• Chow u.<cd the colorinietric method .IS dcscrilicd in his article (Chow C and Chin Y G 

Chinese Med. J., 61, 113, 1943). ’ ' * 
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hariuii) diloride bears a striking resem- 
blance to eserine in its action on the motor 
nerve endings of the frog wliich is just 
the opposite to our clinical experience. 
Certainly it requires a good deal of further 
study to reconcile the apparent contra- 
diction. 

No textbooks of medicine®’^®-" have ever 
mentioned Pa-Pin or transient paralysis 
as a complication of Asiatic cholera. This 
implies that some additional factor must 
be at play to give rise to such a manifes- 
tation. The fact that it displays an iden- 
tical clinical picture with that occurring 
simultaneously speaks strongly for a com- 
mon causation, and its late onset at the 
time of recover^’^ from gastro-intestinal 
symptoms after several days’ salt-free diet, 
with no drugs, except non-barium con- 
taining saline infusions, would apparently 
exclude barium as the responsible factor. 
How'ever, Kunowski® has demonstrated 
barium in human bone and it would not be 
illogical to ask whether dehydration and 
acidosis might not mobilise the deposited 
barium from bones to cau.se acute manifes- 


tations as in cases of chronic lead poison- 
ing. Dehydration in ourcases may have 
another effect in precipitating symptoms, 
as Wiley and Wiley^- have shown that in 
marked dehydration (5 % of body weight) 
plasma electrolytes (NaCl) and later KCl 
from the tissue are sacrificed. The marked 
dehydration here probably has a 2-fold 
effect upon the potassium metabolism : 
(1) mobilizing barium to disturb potas- 
sium equilibrium, (2) causing loss of potas- 
sium from tissue. The two effects together 
precipitate the clinical symptoms. 

Summary. 1. Pa-Pin or tran.sient par- 
alysis in Szechuan, a disease show'ing an 
identical clinical symptom complex with 
familial periodic paralysis and most likely 
caused by ingestion of barium-contami- 
nated salt, is reviewed. 

2. Eleven such cases complicating Asi- 
atic cholera are reported. Asiatic cholera 
as a cause of Pa-Pin has apparently not 
been previously reported. 

3. The mechanism of paralysis produc- 
tion is ‘discussed. 
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THE RELATIVE TOXICITY OF ATROPINE AND NOVATRINE IN IVEAN 
By a. R. Berger, M.D. 

AND 

J. Ballinger, M.D. 

. NEW YOHK, NEW YORK 

(From the Department of Therapeutics, New York University College of Medicine and the Third, 
[New Y^ork University] Division of BeUc\'ue Hospital) 


In the search for a drug possessing an 
action similar to that of atropine on the 
autonomic nervous system but which, 
nevertheless, would be free of its toxic 
effects, novatrine* was introduced into 
clinical medicine.^ Quigley,^ using un- 
anesthetized dogs, found the dosage ratio 
of novatrine and atropine for comparable 
inhibition of gastric motility to be ap- 
proximately 1.5:1, while the ratio for the 
colon was approximately 6:1. The same 
author^ also noted inhibition of gastric 
motility by novatrine in normal men. 
More recently Martin and Batterman-'* 
found novatrine to be suitable for reduc- 
ing the tone and motility of the , gastro- 
intestinal tract during abdominal surgery 
under various anesthetics. Batterman 
and Bose' studied the influence of simul- 
taneous aluminum liydroxnde therapy on 
the absorption of novatrine using visual 
disturbances and drjmess of the mucous 
membranes as evidence of absorption. 
Their results indicated that the aluminum 
hydroxide did not affect absorption and 
that doses of 60 to 150 mg. of novatrine 
were necessary to cause mild to marked 
toxic effects. At the time the present 
investigation was undertaken, there had 
not been any carefully controlled study 
of the toxic manifestation of novatrine as 
compared to those of atropine, nor has 
any such comparison appeared since. The 
purpose of the present investigation was 
to make such a comparison. 

Method. The drugs were administered 
orally to 17 volunteers, 10 of whom were 
normal medical students, and 7, patients 
convalescent from minor ailments on the 
wards of Belleme Hospital. The ages 


ranged from 23 to 50. There were 15 males 
and 2 females. All observations were car- 
ried out in a room or ward in which the 
illmnination was constant. The subjects 
were kept at bed rest for a period of at 
least 20 minutes during which time observa- 
tions were made of the pulse rate, pupillary 
size and reaction, oral secretions and mental 
status (dizziness, lightheadedness, tinnitus 
and teiehopsia). FoIIovTng this control 
period, the drug was administered and 
similar observations were made every few 
minutes for a period of IJ to 3 hours and 
then at greater intervals for the remainder 
of the day. A definite change in any of the 
s 3 Tnptoms or observed signs was considered 
as eiddence of toxicity. In 15 cases, increas- 
ing doses of the drugs were given on succes- 
sive daj's in the attempt to reach the point 
of minor toxicitj'. Such a procedure would 
incidentallj' be of value in the detection of 
a cumulative action of novatrine. 

Results, and Discussion The results 
are summarized in Table I . The problem 
under investigation was to determine the 
minimal toxic dose of novatrine as com- 
pared to that of atropine, without refer- 
ence to the use of this drug in anj' par- 
ticular clinical condition. Therefore, essen- 
tiall\' normal persons were emplo.ved as 
subjects. In the normal human being, how- 
ever it is extremelj' difficult to distinguish 
between full physiologic effects anri minor 
toxic sj’mptoms of atropine and its con- 
geners. Consequent^', though it was 
appreciated fiill.v that some of the criteria 
for minor toxicitj' might reallj' represent 
full ph.vsiologic effects, the first definite 
changes in heart rate, pupillarj- size, oral 
secretions and mental status were consid- 
ered e\-idences of minor toxicitj'. 


* Fomjcrly kno«u a? iiov.-uropme. For complete description ree New and Non-OfTicinl RemerJic^ 
.Vmerican Medical .V-cociation. Chicaco. p. 315, 1950. 
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In the first few experiments small doses 
of novatrine were given but it sopn became 
evident that they had neither toxic nor 
cumulative effects and subsequently very 
large doses were exhibited. This cautious 
attitude explains, in part at least, the 
failure to obtain a true toxic point in the 
early subjects. 

Seven individuals were made toxic (in 
the sense already defined) ■nnth novatrine, 
in doses ranging from 68 to 273 mg. and 
averaging 143 mg. The minimal toxic 
dose of atropine for these same persons 
ranged from 2.15 to 3.25 mg,, with an 
average of 2.54 mg. The corresponding 


ratio of minimal toxic doses of atropine and 
novatrine ranged between 1:32 and 1:84, 
with an average ratio of toxicity of 1:54. 
In this connection, it is noteworthj’ that 
not onl3' were fewer subjects intoxicated 
with novatrine but that, with 2 exceptions, 
these reactions were quantitatively less 
severe than the reactions experienced after 
atropine. 

Conclusions. 1. The average ratio of 
minimal toxic dose of atropine and nova- 
trine was 1:54. 

2. No cumulative effect was observed 
after dail}-^ administration of large doses 
of novatrine. 
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CONCENTRATED AQUEOUS HEPARIN 
A New Form of Intramuscular Administration 
By Daniel Stats, M.D. 

AND 

Harold Neuhof, M.D. 

NEW YORK CITY 

(From the Laboratories and Surgical Services of The Mount Sinai Hospital) 


The importance of intravascular tlirom- 
l)osis and its attendant morbidity and 
mortality now is generally realized. Inter- 
ference witli the coagulation of blood by 
the administration of an appropriate drug 
is a feasible and logical approach to the 
problem of intravascular thrombosis. Of 
the substances employed for this purpose 
heparin most nearly approaches the ideal. 
Its intravenous administration, even in 
interrupted form, is attended by too many 
difficulties to permit of general use. Loewe 
and his collaborators^ have reported the 
use by the subcutaneous route of heparin 
in Pitkin’s menstruum. Dicumarol is also 
commonly employed, having the advan- 
tage of oral administration. Tlie neces- 
sity for frequent prothrombin determina- 
tions during its administration, the occa- 
sional occurrence of serious bleeding from 
overaction of the drug and the inability 
to arrest this e.xcessive action promptly 
limit its use. Neither heparin in its 
present forms of administration nor di- 
cumarol meets the requirement of an 
anticoagulant which can be administered 
simply, safely, painlessly and accurately 
for the general prophylaxis and therapy 
of venous thrombosis. 

This communication describes the clini- 
cal utilization of a new preparation of 
concentrated aqueous heparin which can 
be administered intramuscularly. It has 
proved valuable in inhibiting coagulation 
in thrombophlebitis, phlebothrombosis, 
jiostopcrativcly as propln-lactic therapy 
against venous thrombosis and as an 
adjuvant to the u.sc of dicumarol in vari- 
ous thnunbotic statc.s. The total num- 


ber of cases (115) treated has been small 
and inadequate for statistical analysis but 
the technique of .the use of the drug has 
been so simple and the justification for 
its widespread use so apparent that our 
experiences should be recorded at this 
time. 

Studies with the intramuscular admin- 
istration of heparin in the dilute solution 
(10 mg. per cc.) commercially available, 
led us to the use of a concentration of 
100 mg. in 1 cc. Such a solution of con- 
centrated aqueous heparin,* free from 
foreign substances or the vasoconstrictor 
agents and watery in appearance and \as- 
cosity, has been administered intramuscu- 
larly under our supervision for about 
a year. The medication was usually in- 
jected by nurses into the gluteal muscles 
with the regular intramuscular syringes 
and needles at S to 12 hour intervals. 
Individual doses of heparin have varied 
from 50 to ISO mg., the smallest doses 
being given to patients weighing 90 pounds 
or less and the largest to those over 180 
pounds. Our data are not complete 
enough at the present time to permit the 
formulation of exact schedules of admin- 
istration, for patients vary in their heparin 
requirement. We have not attempted to 
ascertain the rea.sons for this except to 
observe a rough correlation m’th the body 
Aveight. Adequate prolongation of the 
coagulation time of the blood is usually 
attained in patients weighing between 100 
or 130 pounds by administering 100 mg. 
every 8 hours or 120 to HO mg. every 
12 hours. In lieavier individuals larger 
doses may he required. The maximum 


* Prepared aud supplicnl Ly the Lcdcrlo LalionUorics. Poarl River, New York, throueli the kitidue-- 
of Dr. Stanton M. Hardy. 
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daily dose should not exceed 450 mg. 
The successful heparinization in patients 
weighing over 170 pounds may be ob- 
tained by giving 1 mg. of heparin per 
pound of body weight as the initial dose 
and betR'een 0.5 and 0.7 mg. of heparin 
per pound at 8 hour intervals subsequently. 

The medication was administered over a 
period of several months to most of the 
postoperative patients of a general surgi- 
cal ser%ace, including a considerable num- 
ber of thoracic cases and sympathectomies 
for hypertension. The cases were not 
selected; the ages varied from 17 to 70 
years (though__the majority of the patients 


bed and walking. There was no e.xisting 
intravascular thrombosis in this group of 
90 patients and none developed venous 
thrombosis. Bleeding at the site of opera- 
tion was observed several days after the 
inception of the heparin regimen in 3 cases 
earlj"^ in the series. It was found that 
this complication could be averted if the 
anticoagulant were withheld until 48 to 
60 hours had elapsed after operation. In 
a second group of 25 patients, most of 
whom had recently experienced thrombo- 
phlebitis or coronary artery thrombosis, 
bleeding was not observed. Hemorrhage 
into an internal organ was never observed. 


T.<.ble 1. — The Effeci of .k Si.vgeb Intramhschlar Injection of Concbntr.ated Aqueous 
Heparin on the Coagulation Time op IS Doterent P.atients 


Weight of patient 

Heparin 

(intramus.) 

Coagulation 

time* 

Coagulation 

timet 

Time of 

(lbs.) 

(mg.) 

(peak) 

(la-st test) 

last testj 

no ... 

. . 100 

3 

-2 

H 

ns ... 

. . 150 

8 

0 

25 

121 ... 

. . 175 

0 

-5 

ij 

210 ... 

200 

35 

0 

20 

150 ... 

. . 200 

SS 

_2 

20 

150 ... 

. . 200 

SO 

6 

20 

no ... 

. . 160 

40 

40 

55 

120 ... 

175 

7S 

TS 

55 

140 ... 

. . 150 

20 

10 

12 

lOS ... 

150 

.35 

35 

8 

120 ... 

. . 150 

2S 

2S 

8 

ns . . 

. 150 

65 

85 

S 

150 ... 

. 150 

35 

20 

12 

151 ... 

. . 150 

12 

12 

S 

156 

150 

12 

12 

8 

180 ... 

. ISO 

29 

20 

S 

122 

120 

15 

10 

.8 

IGS ... 

. . 170 

10 

10 

s 


* The number of minutes alxive tlie control coagulation time at the peak of tlie effect of heparin, 
t Tiie number of minutes alxive (or below) the control coagulation time when the !n.st te.st was per- 
formed. 

t The numlier of hours after the injection of heparin that the l.a.st te.«t (previous column) wa.s per- 
formed. 


were over 40 years) anti both se.xcs were 
included. Many of the patients were 
febrile because of their diseii.se and receiv- 
ed other medication .such as vitamins, 
blood transfusions, suifonitmidcs or penic- 
illin. Since a considerable number of cases 
of carcinoma are included, the nutritional 
and metabolic status of not a few of the 
patients was poor. .-Hmost all were in 
bed. The administration of heparin wa.s 
usually started 24 to 72 hours after opera- 
tion and was continued for a A-ariable 
period or until the patients were out of 


One of the pnictical advantages of this 
method of heparin administration was the 
ease with which the anticoagulant effects 
could be controlled. In our first trial.s 
the coagulation times (Lee and Wiite 
method) were performed at frequent inter- 
vals in order to insure an adequate but 
not extreme anticoagulant effect. At the 
present time 1 coagulation determination 
daily, immediately before the administra- 
tion of a dose, is found to be adequate. If 
the result of this test reveals complete 
cessation of heparin effect, a dose some- 
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what larger than the previous one is given. 
If, on the other hand, a satisfactory pro- 
longation of the coagulation time (18 to 
24 minutes) is observed, the dosage is not 
changed. If the coagulation time is found 
to l)e over 24 minutes, either a smaller 
dose is ordered or tlie injection is post- 
poned for 2 hours. Coagulation tests done 
at other intervals after injections reveal 
prolongation beginning \ to 1 hour after 
the initial injection. The greatest pro- 
longation is observed 4 to 6 hours after 


needles. In only rare instances did a 
hematoma appear at the site of injection 
and this was never large. A reaction which 
occurred in 2 % of the injections consisted 
of a palpable and occasionally tender 
nodule up to 3 cm. in greatest dimension. 
Frequently tlic patients were not aware of 
these nodules whicli were alisorbed despite 
continuation of the drug. In a small 
number of instances included in the above, 
nocfnles were not palpable l^ut patients 
complained of some pain at the site of 



Heparin (Vp.) 

Chart I. — Tlio t-ffcpt of ropfatccl iiitruniuscular injcc(ions of concentrated aqueous lieparin on the 

coaRulation lime. 


an injection, and, with the doses of hciiiirin 
which we administer, varies between 25 
and 00 minutes. Prothrombin or other 
determinations arc not required. The 
(able and chart which follow illustrate 
some of the effects mentioned. 

.\s previously noted, the injections were 
given with the tisual syringes and needles, 
sjiecifically 20 gauge, inch needles. 
This technique was followed in order to 
intiintain the customary ward routine. 
.Since the heparin is lit an aqueotis medium, 
it can be given easily with 22 or 24 gauge 


injection. This Avas never severe enough 
to require analgesics. ^Yith the use of 
finer needles, the incidence of local reac- 
tions probably could l)e reduced. 

In the small series of eases of thrombo- 
phlelntis that we have treated, we have 
observed the same rapid subsidence of 
fever, tenderness and edema in the affected 
extremity that others have described with 
different preparations of heparin or other 
anticoagulants. Some of thc.se patients 
were treated for periods as long as 3 weeks, 
e have taken advantage of the prompt 
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action of heparin in administering it to 
10 patients who were concurrently treated 
with dicumarol. Approximately 48 hours 
after the commencement of the conjoint 
therapy, the heparin was discontinued 
when the prothrombinopenic effect of 
dicumarol was erident. 


Summary. Concentrated aqueous hep- 
arin (100 mg. per cc.) is a new, simple, 
safe and essentially painless form in which 
the drug can be administered intramuscu- 
larly in order to achieve a desired antico- 
agulant effect. 


The authors wish to express their gratitude to Dr. Myron Steinberg for assistance with part of this 
work. 
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DEGENERATIVE BONE DISEASE 

Findings in 18 Cases With Posterior Spurs op the Lumbar Vertebra 

By Walter M. Solomon, M.D. 

CI.EVJSLAND, OHIO 

(From the Department of Medicine, at City Hospital, Western Reserve University, Scliool of Medicine) 


The presence of spurs or osteophytes 
on the posterior aspects of the bodies of 
the lumbar vertebrte has not received 
much consideration. Therefore it seems 
desirable to describe 18 cases. In retdew- 
ing the literature relatively few references 
are listed. Two recent articles in the 
foreign literature’^ describe sciatica pro- 
duced by thickening of the posterior mar- 
gins of the lumbar vertebrje or by poste- 
rior spondylarthrosis. Bailey and Casa- 
major’ in 1911 report 1 case of spinal 
“osteoarthritis” in which a posterior spur 
was considered to be the cause for com- 
pression of the spinal roots in the lumbar 
area, and’ Parker and Adson® in 1925 re- 
ported 5 patients in whom bony spurs of 
the lumbar spine were thought to be the 
cause of low back pain and definite neuro- 
logic changes. In the latter report the 
Roentgen examination revealed only lat- 
eral exostoses but at operation " an over- 
growth of soft, spongy, vascular bone pro- 
ducing a marked narrovdng of the spinal 
canal was found.” Larraon® in a study of 
10 unselected spines obtained at autopsy 
found that “posterior lipping of the fifth 
lumbar vertebra; occurred in 4 specimens. 
In each case the osteophyte formation 
was located in the foramina and produced 
narrowing of the anterior diameter. AH 
cases were associated with moderate to 
severe degenerative changes in the disk 
substance. Compression of the nerve root 
was evident in 2 of the spines.” Although 
most writers do not mention the presence 
of such spurs, Shore® makes a definite 
statement after the examination of 106 
spines from an anatomic museum and 
osteojihytes never occur on the posterior 
portion of the bodies of the vertebra;. 

In the cervical region the presence of 
spurs projecting posteriorly has received 


considerable attention during the past few 
years. The spurs may involve several 
cervical vertebrae or may be limited to 
only one. These osteophytes may en- 
croach upon the nerve canal causing 
various symptoms and lead to serious 
neurologic changes which may partly be 
due to the anatomical arrangement of tlie 
cervical spine in which the roots emerge 
from the dura mater at right angles and 
also the factor that the intervertebral 
foramina decrease in size from the upper 
to the lower cervical vertebra; whereas 
the corresponding spinal nerves actualB'^ 
increase in size.® Hadley'* has shoum from 
cadaver specimens how the foramina in 
the cervical region may be reduced to 
one-fourth normal size by bony or fibrous 
tissue encroacliment and nerves “ crowded 
into the lower portion of the opening or 
become flattened in a ribbon-like manner 
or even completely destroyed.” Several 
investigators®*'’ believe the condition fol- 
lows damage to the intervertebral disk at 
the site of the bon^' spur rather than 
pressure of the spur itself on the root. 
Spurling and Scoville’® state that “in 
many instances the herniated portion of 
the disk is surrounded by bone and that 
these bony prominences may project into 
the intervertebral foramina.” 

The incidence of posterior spurs in the 
lumbar area as observed in the uxiter’s 
experience is sho\vn by the following 
figures. In the 7 months covered by this 
report, 7251 patients were admitted to an 
Army general hospital in New Guinea. 
During this time the Roentgen ray de- 
partment examined 910 spines; of these, 
629 involved the lumbo-sacral region. 
Eighteen cases (approximately 3 %) of the 
lumbo-sacral e.xaminations showed spurs 
arising from the posterior surfaces of the 
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bodies of the vertclira?. To compare the 
incidence of this lesion wntli that of the 
usual arthritic conditions of the spine: a 
diagnosis of osteoarthritis was made in 
16S cases with the familiar hypertrophic 
changes of lipping on the anterior or 
lateral aspects of the vertebra'. Fifteen 
cases of ankylosing spondylitis or rheuma- 
toid arthritis of the spine were found. 
During a preceding 22 months period the 
same hospital organization functioned in 
.\ustralia. During this time the total 
hospital admissions numbered 33,000 and 
a total of 2S00 examinations of the spine 
were made. However, only 1 case of a 
posterior spur was reported while in 
Australia. The incidence of osteoarthritis 
and rheumatoid arthritis of the spine was 
relatively the same during the 2 periods. 

Analysis of the IS cases in this series 
reveals that the average age was 33 years 
ranging bet^veen 21 and 39 years. Two- 
thirds of the patients recalled an acute 
injury to their hacks which required bed 
rest or cessation from their cl^^lian work 
for a varjdng period. The time between 
the initial injury and the admission to 
the Army hospital varied from 3 months 
to 25 years -vs-ith the average approxi- 
mately 6 years, hlany of these patients 
did have symptoms after entering the 
Army; however, only 2 were unable to 
complete the strenuous basic training of 
a soldier. All the men were sent over- 
seas, and it was not until they suffered a 
second injury or their discomfort became 
severe did thej' finally enter the hospital. 

The sjuaptoms in the lower back on 
admission varied from mild discomfort to 
severe disabling pain. In 2 patients the 
complaints were tj^jical of osteoarthritis, 
that is, they were of a dull aching nature 
aggravated with changes of position and 
of the weather, whereas in the other 16 
patients the sjonptoms were similar to 
the herniated disk sjmdrome with pain 
worse at night and on coughing or sneezing, 
with a historj' of partial or complete re- 
missions between attacks and with radia- 
tion of pain down the posterior part of 
the leg to the foot or down the lateral 


or medial aspects of the thigh. The 
examination of 12 patients showed the 
loss of diminution of the normal lumbar 
curve, .spasm and tenderness of the lum- 
l)ar muscles, limitation of motion in the 
lumbar area and a positive straight leg 
raising sign. The Achilles tendon reflex 
was absent in 3 patients and paresthesia 
of the leg wiis found in 1 patient. 

The laboratory findings included: a 
complete blood count which was normal in 
all cases; the blood test for syphilis was 
also negative in all cases; the sedimenta- 
tion rate was elevated in only 1 patient 
in whom a diagnosis of rheumatoid arthri- 
tis of the spine was also made. Lumbar 
punctures were done on all the patients. 
The spinal fluid determinations of globu- 
lin, gold curve and Kahn were normal in 
all patients. The total protein of the 
spinal fluid of the IS cases ranged be- 
tween 16 to 48 mg. wth the average for 
the group of 30 mg. 

The Roentgen rays in the straight lateral 
view demonstrated the presence of these 
spurs on the inferior aspects of the bodies 
of the vertebrre. They were found on the . 
second lumbar vertebra in 1 case, on the 
third lumbar vertebra in 3 cases, on the 
fourth lumbar vertebra in 4 cases and on 
the fifth lumbar vertebra in 10 cases. 
The size of the spurs measured from 2 
to 6 mm. in length. A spinogram vnth 
oxygen was done on 1 patient. The air 
column showed a slight impression upon 
the anterior subarachnoid air column 
which was the sight of the bony spim. A 
filling defect at a lower level was also 
found. This patient had minimal objec- 
tive signs. 

None of these patients was subjected 
to operation while overseas. Several were 
returned to the United States for further 
observation and treatment while others 
were returned to duty, and thus no further 
information is available. 

The clinical history and findings of 2 
illustrative cases are as follows : 

Case Reports. Case 1. Patient P. R. was 
a 21 3 'ear old white male who in cholian life 
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injured his back while diving 2 years before 
admission to the hospital. He had difficulty 
during his basic training and was placed on 
light duty. The pain in his back was con- 
stant, worse at night and aggravated by 
changes in the weather. There was no radia- 
tion of the pain. The examination disclosed 
a loss of the lumbar curve, tenderness on 
pressure of the lumbar vertebra), the lumbar 
muscles were tender and spastic, the motion 
of the back was limited in all directions due 
to pain and the straight leg raising sign was 
])ositive on the right. No other abnormal 
neurologic findings were found. The labora- 
tory work was normal. The Roentgen ray 
(Fig. 1) showed a large bony sjnir with 


aggravated by coughing and standing. He 
Avas transferred to the general hospital after 
the acute symptoms had subsided at Avhich 
time the physical examination revealed only 
tenderness on palpation of the lumbar verte- 
bra). The motion of the back was normal 
and no neurologic changes were found. The 
Roentgen ray (Fig. 2) sliowed a posterior 
spur on the body of If-3 with considerable 
lipping on the anterior margins of all the 
lumbar vertebra?. 






I Fig. 2. — Posterior spur on posterior aspect of 

the body of third lumbar vortebm and spur-s on 

Fro. l.-Postcrior spur on inferior aspect of body 
of fourlli lumbar vertebm. 


almost complete bridging on the po.sterior 
inferior aspects of the body of the fourth 
lumbar vertebra. 

C.\SR 2. A 37 year old soldier, 3 years 
before admission, suffered an injury to his 
hack which kept him in bed for 3 Aveeks. 
He had no difficulty in his strenuous arniA' 
life until 1 month before entering the hospi- 
tal, Avhen on attempting to cnaAvl out of a 
trench, ho Avas taken with acute ])ain in his 
hack so that he had to he carried to the 
hospital. The pain was constant and was 


Discussion. Why do the spurs develop 
in thc.se particular areas? Many inA'esti- 
gators believe that degeneratiA'e changes 
in the spine are tlie result of lesions in tlie 
interA'ertebral disks. The idea is proposed 
that either complete or partial rupture of 
the nucleus pulposus may occur Avitli 
subsequent degeneration and CA-idence of 
proliferation of the margins of the bodies 
of the vertebra?. Keyes and Compere*^ in 
their study of the intervertebral di.sk sIioav 
tliat Avith damage to the disk, the Aveiglit 
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of the body is transferred to the lateral 
and anterior portion of the vertebra lead- 
ing to selerosis and lipping of the spine. 
They injured the disk posteriorly in dogs 
and allowed the nucleus pulposus to exude 
and found in a period of 3 months at the 
site of the injury “ a marked hyperostosis 
and new bone formation very similar to 
that observed clinically in cases of marked 
osteoarthritis of the spine.” In the cervi- 
cal area Stockey” noted the secondary 
calcification of tlie nucleus pulposus due to 
herniation. Stress and strain or improper 
mechanics have been considered by Ben- 
nett and Bauer- who found that by dis- 
placement of the patella in rabbits they 
were able to produce marked lipping 
of the femur in a period of 4 weeks. The 
occurrence of exostoses at the margin of 
the vertebrie in scoliosis also lends sup- 
port to this idea. Changes in blood sup- 
ply have been suggested as a possible 
etiologic factor and there are those who 
favor an infectious process, a form of local 
infection in the joint or area. Weems** 
considers an inflammatory process as the 
cause of calcification of disks in children 
since in childhood these structures have a 


blood supply so that infections elsewhere 
can be carried to them by the blood stream. 

The interpretation of the symptoms and 
clinical findings depend upon the position 
of the spurs and any change they may 
undergo. These osteophytes may have 
been jircsent before the latest attack, and 
it was not until some pathologic change, 
as yet unknown, in the local area made 
their presence manifest. 

This study is presented to call attention 
to tlie presence of these spurs in the lum- 
bar area which are apparently more fre- 
quent than is usually considered. This 
report may encourage further observa- 
tions and lead to additional speculation 
as to etiology. 

Summary. 1. A survey of 629 spine 
examinations made in patients with low 
back pain showed posterior spurs of the 
bodies of the lumbar vertebraj in 18 cases. 

2. Signs of root irritation were found in 
12 cases. 

3. Due to the exigencies of military 
service, these patients could not be fol- 
lowed sufficiently to prove the relationship 
of spurs to symptoms. 
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THE ROLE OF PULMONARY VESSELS IN THE REFLEX CONTROL 
OF THE BLOOD CIRCULATION* 

By V. V. Parin, M.D. 

MOSCOW, ussn 

(member and SBCRETARY-GENERAI, op the academy of medical sciences of the USSR) 


Research done during the last decades 
lias substantially enlarged our knowledge 
of the reflex control of the blood circula- 
tion. This research has particularly dem- 
onstrated the great importance of the 
neuroreflex influences which arise in the 
cardiovascular system itself. To the num- 
ber of such thoroughly investigated re- 
flexes which regulate blood circulation and 
are connected with the activity of the 
pressoreceptors of the vascular bed of the 
systemic circulation, belong: the depres- 
sor (cardio-aortic) reflex, the carotid 
sinuses reflexes, and the superior and in- 
ferior vena cava reflexes. 

Thanks to these data, the hypothesis 
about reflex “self-regulation of the blood 
circulation ” has, at present, a firm founda- 
tion through an immense factual material. 
However, all these scientific data are not 
perfect because we are still lacking the 
knoAvledgc of the inner mechanics and 
interrelations of the known reflexes, and 
also because we are still without a full 
knowledge of all reflexes regulating the 
blood circulation. Particularly the presso- 
receptor role of the vessels of the lesser 
blood circulation has been quite insuffi- 
ciently investigated. For this reason we 
decided to devote our research to this 
problem. 

Experimental research previous to ours 
on the jircssoreceptor function of pul- 
monary vessels was conducted by 3 work- 
ers only: Schwiegk'^ (1935), Schweitzer'^ 
(1936), and de Burgh Daly and co-work- 
ers" in 1937. Of these studies, only the 
work of Schwiegk gave more or less clear 
indications that the reflex influence of 
increased blood pre.ssure in pulmonary 
ve.ssels changes the rhythm of the heart 


rate and the condition of the blood-\"essels 
of the systemic circulation. 

However, the literature on this subject 
has many data which indicate indirectly 
the possibility of reflexes from pulmonar\' 
vessels. In this class belong first of all 
the e.xperimental and clinical observ’^ations 
on the pulmonarj^ embolism which show 
that not only are the mechanical factors 
important but also equalty so the neuro- 
reflex factors which play a great role espe- 
cially at the initial stage of the embolism. 

Although almost all authors agree that 
the priority in this question belongs to the 
German seientists, Schumacher and John'" 
(1914), our e.xtensive study of the litera- 
ture on the subject convinces us that the 
honor of this discovery belongs without 
any doubt to 2 Russian scientists, A. 
Fokht and B. Lindeman.® In 190S these 
men demonstrated that after the section 
of the pulmonary branches of the vagus 
nerve an embolism produces less disturb- 
ance of the cardiovascular acti\dty. They 
emphasized the function of reflex factors 
in the whole symptom-complex of an em- 
bolism of a pulmonary artery. 

A series of clinical observations of the 
pulmonary emliolism forced many others, 
such as Sauerlmich,'® Edens,'' Frey,® 
Binger and Moore,' to come to the same 
conclusions. 

The experiments of Scherf and Schon- 
brunner" in 1937 raised the question of 
a possibility of reflexes from pulmonary 
vessels on the basis of a similarity between 
electrocardiograms of an embolism of a 
pulmonary artery and of a myocardial 
infarct due to a thrombosis of the ramus 
flcscendens of the left coronary artery. 
As, at the autopsies of 2 patients who had 


^ * .V It'ctun- Riwn at a >iii-i'ial nuvtini; of flie Pliiladolphia riiy.-ioinuie-al .Su-iety atul tlio F!iila<fclplii:i 
CliapU'v of tin' .Vmoriran-Povicl Modical Soi-ioiv. 
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the abo\'’e-mentionec! symptoms during 
their illness, these authors did not 6nd 
any organic changes in the myocardium 
or coronary vessels, they concluded that 
the essence of tlic lesion lies in a spasm 
of coronary vessels jjroduced hy tlie reflex 
action from the jjuhnonary vessels. 

However, subsequent observations of 
many authors did not support the exist- 
ence of such a “pulmo-coronary” reflex. 

Morphologic data also lead us to i)elievc 
that reflexes from pulmonary vessels may 
exist. Thus, long ago, in 1S9S, a Russian 
histologist, Dogel,^ descriljed numerous 
nerve endings of sensory type in the walls 
of the pulmonary artery. Analogous find- 
ings ha^•e been reported 1)^' many authors 
up to the present day. 

Taking into consideration the ai)sence in 
the literature of exact information upon 
the refle.xogenic role of pulmonary %'essels, 
we decided to pursue these facts further. 

As to the choice of experimental meth- 
ods, we followed principally the basic 
methods of Schwiegk. 

Methods. For the experiments we used 
cats weighing 2 to 3 kg. Under chloroform 
and other anesthesia, we cannulated the right 
common artery and vena saphena magna. 
At the same time we performed tracheotomy 
and intubated the trachea. After that, 
through a cannula in the vena saphena, we 
injected a 10% solution of urethane. Fol- 
lowing this, the entire experiment was con- 
ducted under urethane anesthesia. Having 
induced an artificial respiration, Are opened 
wide the left half of the che.st and cannulated 
the left pulmonar}’^ arterj' and ligated the 
puhnonarj' veins of the same side. As a 
result, the left lung kept its innervation 
intact, but was completeR^ isolate’d from the 
main blood circulation. The gas e.xchange 
evidentlj’- was performed onR' b 3 " the right 
lung. The cannula in the left pulmonarj' 
arterj"^ aa^ss connected Avith rubber tubes filled 
AAuth Bajdiss 8% gum acacia Ringer solu- 
tion and also connected with a mercury 
manometer and AA-ith a simple device which 
allowed changing of the pressure in pulmo- 
nary vessels. 

In all experiments a mercury or membrane 
manometer was used for registration of the 
pressure in the right common carotid arterj\ 


In some series of e.xperiments, electrocardio- 
graphic registration was taken, also venous 
pressure and pressure in one of the branches 
of the pulmonary arterj' of the right lung, 
AA'hich Avas not separated from the main blood 
circulation; also in some series of e.xperiments 
change.? of the volume of the spleen AA-ere 
taken, etc. Briefly, avc made 103 experi- 
ments of this kind. 

Results. In all our experiments in 
which the operation Avas accomplished 
without complications and the iinimal aaxis 
in good conrlition, increase in pressure in 
pAilmonarv vessels AA'hich had been sepa- 
rated from the general blood circulation 
alAA'a.A's inducefl a fall of blood pressure 
in the arteries of the greater circulation, 
and also in UAOst instances, the pulse rate 
Avas diminished. This fall of pressure in 
the arteries of the greater circulation AA'as 
clearlA^ indicated even at comparatiA-elj' 
small increases of pressure in the pulmo- 
nary vessels (see Pigs. 1 and 2). 

The fall of arterial pressure of the 
greater circulation shoAA’ed a definite ratio 
AA’ith the increase of pressure in the pul- 
monarj' A^essels. Figures 1 and 2 indicate 
the character of this ratio. The fall of 
the pressure starts after a latent period of 
about 2 to 3 seconds. With repeatedlA' 
increased pressures in pulmonary' A'essels, 
the reaction shoAved a tendency to a grad- 
ual diminution, AA'hich could be attributed 
to the dcA'elopment of a pulmonar.v edema. 

The reflex character of the phenomenon 
is full.A' confirmed bj' the results of e.xperi- 
ments in AA'hich the section of the left 
A’agus nerA'e on the neck Avas accomplished. 
Thus, Figure 3A shoAA'ed a common reac- 
tion. Figure 3B demonstrates a curA'e 
which has been registered during the same 
experiment, but after the section of the 
left A'agus nerA'e. There is no change of 
pressure in the right common carotid 
artery, despite the increase of pressure in 
pulmonarj"^ A'^essels up to the very high 
IcAml of 100 and eAmn 130 mm. of mercury. 

If we analj'ze the reactions due to in- 
crease of pressure in the pulmonary' A'essels, 
we come to the conclusion that these reac- 
tions, as a rule, are results of the change 
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in frequency of heart beat (lieart coinpo- selves quite independently^. However, in 
nent) and also the change in vasomotor the majority of cases, tlie reaction is a 
reaction of vessels of the greater circulation result of simultaneous changes from the 
(vasomotor component). In some experi- heart and from the blood-vessels, 
ments these components manifest them- The changes in pulse rate are usually' 
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Fu'.. l.~ Fluctuation in the carotid pressure produced hy distention of the left lunu at pressures as 
indicated. Cat. Time record at 10 second intervals, (^jO/SO.) 

ITu. 2. — Exporiincnt of the .same tyi)e as Fisnire 1. (5/7/39.) 

Fig. 3.-1. — Rcsponse.s a.s heforo witli intact vajtus. (5/9/39.) 

Fig. 3R. — Repetition of the experiment after section of the vajnis. 

Fig. >1.— Effects of luni: distention on the puLe rate a.s imiicated hy the clectrocxirdioj^raph. (n) On- 
trol; (W 80 ,n(„. |,re.s.siirc in piilnumarj- vessels; (c) 40 .seconds and {d) SO seconds after relc.-isc of 
pressure; (c) repeated distention of pulmonary vc.s-sels; (/) return to normal, (12.'2'39.) 

Fig. 5.— Reaction to distention showinp a marked after-efTcct. (12/1/39.) 
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very pronounced and consist on the aver- 
age of a diminution of the rhythm from 
25 to 30% in comparison with the 
starting le^'■eI. In a few cases, we see a 
diminution of the rhythm of more than 
lialf. For a more detailed analysis of 
the reaction of the heart we performed 
many experiments with electrocardio- 
graphic registration of the heart activity. 
These experiments con^^nced us that the 
changes of the heart acti\'itj’’ are e.vpressed 
only in the slowing down of the rhj’thm 
without any great changes of the form 
of the curve, or conduction time, etc. A 
tjT)ical example of these experiments is 
given in Figure 4. The results of these 
experiments are quite contrary to the 
above-mentioned results of Scherf and 
Schonbrunner, wdio claim the e.xistence of 
the pulmocoronary reflex. 

We believe that our findings show with- 
out any doubt that the electrocardio- 
graphic changes of myocardial infarct 
type in cases of the embolism of the pul- 
monary artery are due only to mechanical 
disturbances of blood circulation and gas 
exchange, and express only different de- 
grees of o.xygen lack of the myocardium, 
and do not present any reflex influences. 

Coming to the analysis of the vasomotor 
component, we will first describe the reac- 
tion of the arterial part of the vascular 
tree. The absolute depth of the fall of 
the arterial pressure showed individual 
variations. Taking the average, in the 
majority of cases, the increase in the 
pressure of the pulmonary vessels of 40 
to 50 mm. of mercury induced the fall 
of the pressure in the arteries of the greater 
circulation of 20 to 30 mm. At a higher 
starting level of arterial pressure, its fall 
as the result of a reflex from pulmonary 
vessels was more sharply marked. The 
fall in pressure occurred, as a rule, without 
variations, reaching the peak 25 to 40 
seconds after beginning of the stimulation. 
In a few instances, however, the fall in 
pressure occurred so rapidly, that the 
curve showed a great similarity to the 
classic curve which results from stimula- 


tion of the peripheral end of the vagus 
nerve. 

In the majority of cases, the curve of 
blood pressure showed considerable after- 
effects, reaching up to 20 to 40 seconds 
and in some cases even more. An example 
of this is Figure 5. As to the mechanism 
of the vasomotor response, we believe that 
in our case the fall of the arterial pressure 
is the result of the pronounced dilatation 
of the arterioles in different parts of the 
s 3 'stemic circulation entirelj' similar to 
that produced b.v depressor or carotid 
sinus reflexes. In support of this fall of 
the vasomotor tonus we too found a coh- 
siderable increase in the amplitude of the 
pulse pressure at the time of the reflex- 
response. 

To elucidate the changes occurring in 
veins, we made a series of experiments 
and registered the venous pressure (jugu- 
lar vein, by means of a water manometer). 
The results were absolutely similar: in all 
cases we registered an increase in venous 
pressure. This is illustrated in Figures 6 
and 7. The character of these changes is 
quite evident and does not need comment. 

We did not obtain identical results in 
our experiments when trjdng to register 
the blood pressure in a branch of an 
arterj' of the other lung, which was not 
e.xcluded from the blood circulation. 

We observed in the opposite pulmonarj" 
arterj' pressure changes which were not 
large and at the same time not consistent 
in the direction of the response. Still, we 
must remember that the question of par- 
ticipation of pulmonary vessels in depres- 
sor and carotid reflexes is still not abso- 
lutely settled and is undergoing further 
investigation. 

Inasmuch as the spleen is regarded as 
a "blood depot” and plaj's an active role 
in many vasomotor reactions of the organ- 
ism, we decided to study this organ in 
connection vdth these reflexes, especially 
as the spleen is so easil 3 ^ accessible for 
experiment. 

In these experiments with oncographic 
registration of the volume of the spleen, 
we found that this volume increases in 
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1-Tg. (>.— I, Record (top) of prossuro in the richt jugular; S. base line of jugular pressure; arterial 
pres-sure; 4, signal; 5, base lino of arterial pressure; 6, time 10 second interenls. {! 1 /3,3D.) 

Fig. ".—Observations a.s in Figure 0. (11/17/39.) 

Fto. S.— Record of splenic contraction and blood pressure as a result of t!ie distention of the left lung. 
Time in 10 .second intervals. The .splenic record is shown above and the arterial prc.ssure below (0,7, 39.! 
Fjg. 9. — Record of the same type a.s Figure S. (6/9/30.) 

Figs. 10.1 and lOR.—Record 10.1 w.ns obt.ainod with a distention of the pulmonary vessel and lOB 
was obtained later after the denervation of carotid sinuses in the same animal. (ll,'22/39.'( 
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proportion to tlie increase in the blood 
pressure in the pulmonary vessels. This 
reaction (increase of volume) evidently 
shows the active participation of the spleen 
in the general fall of the systemic arterial 
blood pressure, reflexly elicited at the in- 
crease of pressure in pulmonary vessels 
(see Figs. S and 9). The active part the 
spleen plays in these experiments could be 
demonstrated when the spleen nerves were 
cut. In such cases we saw complete lack of 
any reaction of the spleen when the spleen 
was denervated. 

We also tried to investig.ate the inter- 
relation of this reflex with those from the 
carotid sinuses. In the study of the 
functional interrelations between separate 
pressoreceptor zones of the greater circu- 
lation, 2 kinds of facts are recognized. 

It was found that, by simultaneous 
stimulation of both depressor or both 
sinus nerves', the fall of pressure is greater 
than by the stimulation of only one of 
them. There exists, therefore, a definite 
physiologic summation. 

These interrelations present, in our 
opinion, a real physiologic interconnection 
between the 4 pressoreceptor nerves of 
the arterial part of the greater circulation, 
because in natural conditions the pressure 
changes during a given period of time 
simultaneously in the whole beginning part' 
of the arterial stream. 

The receptors which are situated in the 
aorta and the carotid sinuses are, thus, 
simultaneously’^ subjected to equal stimu- 
lations by intravascular pressure and send 
equal impulses to the centers which con- 
trol the blood circulation. 

We think that it is quite different with 
the second series of facts on the basis of 
which conclusions about a definite antag- 
onism between pressoreceptor nerves are 
made. In the conditions of an experiment, 
such an antagonism, a definite counter- 
action of the intact pressoreceptor zones 
to the change of the pressure caused by 
the stimulation of the central end of one 
cut pressoreceptor nerve, is sufficiently es- 
tablished. Hering," for instance, found 
that in case of preservation of the normal 


innervation of one carotid sinus, the 
stimulation of the central end of the other 
sinus nerv’e gives a smaller effect than 
after cutting of the sinus nerves on both 
sides. Hering found the same also in 
respect to the depressor nerves. The same 
interrelations are found between carotid 
sinuses and depressor nerves in similar 
conditions of experiments. 

The essence of this antagonism consists 
in that (due to the tonic character of the 
stimulation of the pressoreceptors which 
occurs reflexly under the influence of the 
isolated artificial stimulation of one of 
them), the fall of blood pressure lowers the 
intensity of inhibitory impulses from other 
pressoreceptors which preserved the nor- 
mal connection with the vascular stream. 

As a result, we find an opposite pic- 
ture, the pressoreceptors become no longer 
brakes, “a bridle,” as picturesquely de- 
scribed by Hering, but stimulators, “a 
whip,” the pressure shows a tendency to 
an increase, thus counteracting a complete 
expression of the effect of an artificial 
stimulation. 

We believe that this antagonism has no 
real physiologic importance and exists 
only in the specific artificial conditions of 
an experiment which radically distorts the 
normal interrelations between conditions 
prevailing in separate receptor zones. We 
have already emphasized that in actually 
physiologic conditions the pressure in the 
region of all pressoreceptors of the arterial 
part of the greater circulation can, in a 
certain period of time, change only in the 
same way, so that the receptors of the 
aorta and of the carotid sinuses are 
in regard to the intravascular pressure 
always under similar conditions. 

In our experiments, the increase of this 
pressure occurred in a vascular region 
which was excluded from the general blood 
circulation. The conditions of our e.xperi- 
ments could, therefore, to a certain degree 
be compared with an isolated stimulation 
of one separated sinus or depressor jierve 
while the other receptor zones were intact, 
or can be compared ■\vith an increase of 
pressure inside of a sinus isolated from the 
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blood circulation (c. g., according to the 
“cul de sac" method of Moissejeff.®) 

In order to elucidate this question, we 
made a series of experiments with an 
increase of pressure in pulmonary vessels 
before and after a denervation of the car- 
otid sinuses. 

In all experiments, we recorded the 
reaction of the blood pressure on an 
increase of the pressure in the pulmonary 
vessels at first with normal innervation 
of the carotid sinuses. Then we dener- 
vated both sinuses, and after a wliile we 
repeated the experiment after the de- 
nervation. 

As a result of our experiments, we saw' 
in the majority of cases relations similar 
to those w'hich, as pre^^ously described, 
are seen in analogous conditions betw'een 
carotid and depressor reflexes. 

An example of such an increase of the 
effect after denervation of carotid sinuses 
is seen in Figure lOB. In this experiment, 
the increase of the pressure in pulmonary 
vessels to 80 mm. Hg caused a fall of 
pressure in the carotid artery to 40 mm. 

At the same time, a considerable pro- 
longation of the period of the after-effect 
is to be seen; 4 minutes after the first 
stimulation and Sf minutes after the sec- 
ond, the pressure had not returned as 
yet to the starting level (before denerva- 
tion of the carotid sinuses, the period of 
after-effect in this particular experiment 
is also quite considerable; however, 2 min- 
utes and 40 seconds later, the pressure had 
already reached the previous level). 

In some experiments w'e did not notice 
any remarkable increase of the reaction 
after deneiu'ation of carotid sinuses, in the 
sense of a greater depth of the fall of 
pressure. We observed, however, almost 
always a marked prolongation of the 
period of after-effect. 

If we Uike into consideration that dur- 
ing our experiments we almost always 
observed a tendency to a gradual weaken- 
ing of the strength of the reaction and 
to a shortening of the period of after- 
action in the coiirse of an experiment, 
then the changes just mentioned obviously 


clearly express the change of the reaction 
after denervation of the carotid sinuses. 

To sum up, W'e think that w'e are 
entitled to the conclusion, based on the 
.series of experiments, that in ease of a 
functional exclusion of the carotid sinuses, 
the reflex from the pulmonary vessels is 
characterized by a greater intensity. 

We believe that w'e can prove that 
an increase of pressure in the vessels of a 
lung w'hich has been excluded from the gen- 
eral blood circulation, causes extensive 
changes of the w'hole circulatory system 
which have incontestably a reflex char- 
acter. 

These changes consist in a reaction of 
the heart (slowing dowm of the rhythm) 
as W'ell in vascular changes (extensive dila- 
tation of the vessels). The basic charac- 
ter of the hemodynamic change in the 
investigated reflex is accordingly analogous 
to the reactions observed in depressor and 
carotid reflexes, though it is not so strong 
as the latter. Therefore, the reflex from 
pulmonary vessels should, together with 
the depressor and carotid refle.xes, have 
an appropriate place among the reflex 
mechanisms w'hich plaj' an important r&le 
in the “automatic” regulation of the blood 
circulation. 

From the general point of view, the 
investigated reflex should be classed as 
to type and number W'ith the so-called 
moderator-refle.ves Entlastmigsrr/lcxe” of 
Hess®) of the cardiovascular system. In 
the greater circulation, similar reflexes 
originate as a result of a stimulation by 
the increased pressure of the pre.ssorecep- 
tors which are situated in the beginning 
part of the arterial stream (aorta, carotid 
sinuses). 

The physiologic meaning of these re- 
flexes consists in securing of changes which 
return an increased pressure to a more or 
less normal level which would not cause 
an overload of the heart 

From this point of rnew, the depressor 
reaction at an increased pressure in the 
vessels of the le.sscr circulation is fully 
analogous to the reaction which can be 
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obser\’ed at increased pressure just in the 
arterial part of the greater circulation. 

On the basis of such considerations, one 
can theoretically assume that the present 
refle.x originates in the arterial stream of 
the small cireulation. 

De Burgh Dalj*^ assumed that the refle.v, 
which interests us, originates in the sen- 
sory endings in pulmonary veins, but we 
think it strange to assume, from the point 
of view of the physiologic significance of 
propriocepti^'e reflexes of the cardiovas- 
cular system, the presence of a reflex of a 
depressor type at an increase of pressure 
in the venous part of the vascular stream. 
Actually, the increase of the venous pres- 
sure manifests itself usually as a result 
of a funetional deficiency of the heart and 
a further weakening of the heart activity 
in these conditions (depressor reaction) 
would be unable to restore the blood cir- 
culation toa norma le\’el. It would on 
the contrary increase the degree of de- 
ficiency and result in causing a peculiar 
^^cious circle. 

In analogy to reflex regulation in the 
greater circulation, it is known that the 
increase of pressure in the vena cava 
causes not a depressor reaction but a 
pressor one, increase in frequency of the 
heart action and a slight increase of 
arterial pressure (Bainbridge refle.x, 1920). 
As a result of the inerease of the heart 
action, the filling of the venous part of 
the vascular stream is diminished and 
thus this reflex plays a substantial role 
in the regulation of the whole blood circu- 
lation. In our opinion, the same should 
be expected in regard to the pulmonary 
veins and we regard the venous part of 


the pulmonary vascular tree also as a pos- 
sible source of origin of refle.xes not of 
depressor but of a pressor nature. 

We think it necessary to clear this 
question by a new series of e.xperiments 
with a perfusion of pulmonary vessels, f. e., 
in conditions near to the normal in the 
meaning of interrelation of pressure be- 
txveen arterial and venous parts of the 
pulmonary vascular stream. 

In regard to the functional significance 
of the reflex from pulmonary arteries, we 
hax'e already mentioned that the character 
of the obtained reactions shows that it 
undoubtedly represents a typical modera- 
tor reflex. The specific situation of recep- 
tor zones of this reflex in the arterial part 
of the pulmonary' circulation reflects its 
predominant role in prev'enting'an over- 
load of the right heart. 

In such increases of pressure in the 
arterial part of the pulmonary vaseular 
stream as they may arise in a number of 
physiologic and pathologic conditions (Val- 
salva’s e.xperiment, embolism of the pul- 
monary artery, and others), the reflex from 
pulmonary arteries, by lowering of the 
heart action and b^' causing a transfer of 
the blood into the greater circulation via 
an extensive vasodilatation and an increase 
of the capacity of the depot, prevents the 
weak musculature of the right ventricle 
from being overburdened by work. At 
the same time, this reflex has probablj' 
some significance in the prevention of a 
pulmonary edema which, as is well knoum, 
easity occurs in a case of a prolonged in- 
crease of pressure in the system of the 
pulmonarj’^ artery. 
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LIeasurement of the velocity of the 
blood by determining elapsed time be- 
tween injection of material intravenously 
at one site and evidence of its appearance 
at another is in wide popular use as a 
diagnostic measure. In a recent study of 
convalescence® we tested blood velocity 
with the material described by Spier, 
Wright and Saylor® commercially available 
as Macasol.![ Kvale and Alien'"'* have 
worked with this same material, reporting 
normal standards much like those found 
by Spier, Wright and Saylor. Discrepan- 
cies between our findings and those above 
mentioned led us to ree.xamine the stan- 
dards for this test and assess its variability 
in our own hands. We find a normal range 
of blood velocity significantly greater than 
previous workers and a significant differ- 
ence in the average blood veloclt 3 ' as well. 
Our findings indicate that measurement 
of the blood velocitj^ is not as useful as 
manj^ believe because the relativelj’’ wide 
range of “normal” values overlap the 
“ abnormal ” values in the ver,v cases where 
the differential significance of the test 
would be most important. 

Material and Methods. Of 46 normal men, 
each was in the basal state, that is, had not 
eaten since the evening meal the night before 
and either remained in bed until the test was 
done or returned to bed for an hour after 
reaching the laboratorj". Of these men, 34 


were military personnel who had completed 
the reconditioning program at Thaj’-er Gen- 
eral Hospital which included a 10 mile hike 
under full pack; 12 were ci’vilians who had 
been hospitalized some months before but 
who had returned to usual health, were en- 
gaged in their ordinarj"^ acti^^ties and showed 
no clinical e\’idence of disease. The mean 
age of the men tested was 25.6 j^ears; the 
extremes were 18 to 40 years. 

Instructions were given to the subject in 
a stereotyped wa}' Ynth reassurance that 
nothing untoward would happen. The sub- 
jects were supine. The arm with the largest 
antecubital vein was dravm a little awaj-^ 
from the body and supported at about the 
level of the auricle. The vein was entered 
cleanty with an 18 gauge needle and the 
tourniquet released several minutes before 
the test. Tv'o ml. of Macasol were injected 
as rapidty as possible. The stop watch was 
started at the beginning of the injection. 
The observer reported times to a recording 
assistant as the patient announced end 
points at the tongue, the hands, the perineum 
and the feet. After subsidence of all sensa- 
tion from the first test, a second test was 
carried out through the same needle. No 
attempt was made to distinguish between 
time to the right and left hand or to the 
right and left foot. 

The mean of the 2 tests was entered as the 
circulation time for that indhndual. In the 
statistical anatysis standard deviations were 
based upon these means and the number of 
individuals tested. This differs from the 


* The work described in this paper was done under a contract, recommended by the Committee 
on Medical Research, between the Office of Scientific Research and Development and Vanderbilt 
University. 

t Thayer General Hospital patients were studied through the cooperation of Brigadier General 
Henrj' C. Pillsburj', Officer Commanding, Lt. Col. Richard Stetson, Chief of the Medical Service, 
Major Donald Ferguson, Chief of the Reconditioning Service and other members of the staff. 

t This work was done in the Lung Station of the Department of Medicine, a laboratorj' organized 
under a grant from the Commonwealth Fund, and some of the equipment used was available through 
a grant by the Ciba Pharmaceutical Products, Inc. 

§ Present address; Alton Ochsner Medical Foundation, New Orleans, Louisiana. 

! Supph'ed through the courtesy of the Ncpera Chemical Company, Y'onkers, New York. 
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analysis employed by previous authors’ in 
that they derived standard dexaations from 
the total number of tests done rather than 
the number of individuals tested. 


Close scrutiny of our data revealed a 
systematic difference between 2 observers. 
In 16 cases tested by Observer A the mean 
arm to tongue circulation time was 18.1 


Table I.— Circulation Time in Seconds Tested With Macasol 


“Norma! subjects” of both sexes reported Iw otlier autliors compared with “normal men" in tiie 
basal state reported in this paper. 


Circulation time in seconds, arm to: 


Subjects 

Tongue 

Perineum 

Hands 

Feet 

Spier, Wright and Saylor:= 

.15 normal subjects, 40 tests; 

“Resting" — mean . . . . 

... 14 6 

21 .5 

26 . 2 * 

27.9* 

average deviation . 

. . . =fc 3.23 

4 59 

* 5,20 

7.1 

range . . , . 

. . . 7-22 

12-32 

11-43 

10-48 

Kvale and Allen 

13 normal subjects, 73 tests; 

“Basal” — mean 

... 13 8 

21.2 

23.0* 

.34.1* 

standard deviation 

. . . 2,05 

* 5.14 

5.74 

9.05 

range — class . 

, . . 5-24 

10-34 

10-39 

15-59 

51 normal subjects, 102 tests; 

“Resting” — mean . . . . 

... 13 7 

21.0 

23.5* 

32.1* 

standard deviation 

, . . =*= 3 52 

=t 5 52 

at 0.04 

da 9.59 

range-class 

... 5-29 

10-44 

10-44 

20-09 

Men reported in this paper; 

46 normal men, 92 tests; 

"Basal"— mean .... 

. . . . 10,7 

20 0 

28 1 

37.4 

standard deviation 

. * 4 8 

* S 4 

=t 0.0 

* 9.5 

i\angc .... 

Average of right and left hand or 

, . . . 9-30 

right and left foot. 

13 5-50 

18 5-48 

23-03 


Table 2.— Effect of Anxietv on Blood 
Velocity 

Successive reconditioned soldiers tested in an 
open ward. Coeffieient of correlation between 
time of injection and observed arm to tongue time 


is 0.00 0.2S, 



UliiDsed time 
from entry 
on ward 
(min.) 

Ann to tongue time 
(seconds) 

Olrsereer 

A 

Ot>sen’cr 

B 

S 

... 14 

10 

10 . . 

. . . 17 

9 

24 . . 

... 15 

13 

32 . . 

Blank 

14 

40 . . 

22 

14 

48 , . 

. . . 21 

11 

50 . . 

... 20 

IS 

04 . . 

... ,30 

No test 

Mean 

. . . 19 8 

12.7 

Results. 

Our datti are 

presented 


Table 1 together with the results of Spier. 
Wright and Saylor® and of Ivvale and 
Allen.’ The arm to tongvie time was 
16.7 4.S seconds, the arm to perineum 

time was 2G ~ S.4 seconds, the arm to 
hand time was 2S.1 — G.6 seconds and 
the arm to foot time was 37.4 ^ 9.5 sec- 
onds. 


seconds wliereas an entirely comparable 
group (tested actually on the same days 
and in tlie same place) showed a mean of 
13.4 seconds and the difference was statis- 
tically significant. Part of this difference 
was found due to the habit of 1 observer 
to read the watch to the mark ahead of 
the movang hand while the other read to 
the murk behind in tests conducted with a 
pendulum appearing from behind a parti- 
tion. While this difference could amount 
only to a second, recalculation of the data 
corrected for this no longer showed a 
significant difference between observers. 

On ] occasion evidence of anxiety influ- 
encing the test was apparent. In a ward 
of Tliayer General Hospital 15 soldiers 
were distributed 7 along one wall and S 
along the opposite. Explanation of the 
test had been given the night before and 
all were under .supervision through the 
night. Tests were made early in the morn- 
ing before the men had risen. Prepara- 
tions were made in an adjoining room. 
Ttvo teams entered quietly and moved 
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down the ward. Tension was obvious in 
the men first tested, while the later sub- 
jects relaxed as they saw no ill befall their 
predecessors. As the teams moved down 
the ward, there was a progressive increase 
in the circulation time observed. We esti- 
mated the time of each injection from the 
start of the experiment. These elapsed 
times are tabulated vdth the correspond- 
ing arm to tongue time in Table 2. It is 
apparent at once that there is a correlation 
between the time elapsing from the start 
of the test and the observed blood velocity. 
The coefficient of correlation is highly sig- 
nificant statistically. 

Correlations were attempted between 
circulation time and the height, weight, 
age and pulse rate of those subjects where 
these data were available and none was 
found. The variation in all of these meas- 
ures was small, however, due to the nature 
of the subject material. No seasonal dif- 
ference was observed between 2 groups 
studied, 1 in mid-summer, the other in 
early winter. 

Discussion. The results reported by 
Spier, Wright and Saylor® give only “av- 
erage deviation” while K^^ale and Allen' 
ijased their “standard deviation” upon 
the total number of tests rather than upon 
the number of individuals, so, exact statis- 
tical comparison is impossible. It is evi- 
dent that our mean times are longer in all 
categories than are those of the other ob- 
server. In the case of the arm to tongue 
time our mean of 16.7 seconds is 2.1 and 
2.9 seconds longer respectively than that 
of Spier, Wright and Saylor and that of 
Kvale and Allen. 

We followed the analysis we used 
because it has been shovm' that variation 
of blood A'elocity is greater from individual 
to indi%-idual than upon repeated testing 
in the same individual. Since practical 
interest centers in comparing an indi\'idual 
to a “normal standard” it appears wise to 
broaden the biological base in the statis- 
tical analysis. Thus, if one enters the 
calculation of the standard deviation with 
the best estimate of circulation time avail- 
able for the individual, whicli is the aver- 


age of duplicate or multiple determina- 
tions, one minimizes the consistency of 
results in the same individual and empha- 
sizes the variation between individuals. 
For this reason, pooling of all values ir- 
respective of the individuals from whom 
they arise seems to us an erroneous ap- 
proach because it takes no true account 
of the number of indimduals tested; that 
is, the real size of the biological sample. 

Our data on convalescent patients re- 
ported elsewhere® illustrate the error into 
which one might have been led by accept- 
ing the narrow “range of normal” pre- 
viousl 3 ' reported. Conmncing evidence 
that our convalescent patients were indeed 
within the normal range was obtained 
when follow-up studies upon return of 
these patients to normal health revealed 
a mean change of only —0.4 second in 
arm to tongue circulation time; i. e., no 
change at all. 

It seems unusual that there was no dif- 
ference between blood velocity in basal 
subjects and blood velocity in subjects 
who had merely rested for a few minutes 
as found by Kvale and Allen.' We ha\’e 
no data on this point but there were only 

1.3 subjects in their “basal” group and 
perhaps a laj-ger sample might ha\'e re- 
vealed a higher mean. Another point 
concerns sex differences where again we 
have no data. The observations of others 
have not been broken dovm to show sex 
difference. 

IMien the standard de-vdation is calcu- 
lated in a manner to give due weight to 
biological variation it is seen that a con- 
siderable latitude must be allowed for 
“normal” circulation time. The extremes 
of our observed range were 9 to 30 seconds 
for arm to tongue time. The — 1 standard 
de\dation is considered to include approxi- 
mately' 68% of cases and ±2 standard 
deviation which is commonly considered 
a more reliable “range” includes 95% of 
cases. From our data these ranges would 
be from 11.9 to 21.5 seconds, or 7.1 to 

26.3 seconds respectively. If the clinician 
chooses the smaller range he must resign 
himself to error 1 time in 3. 
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No untoward reactions of any kind oc- 
curred. Two of our 46 subjects experi- 
enced no end-point reaction. One patient, 
not a member of this normal series, seemed 
to “pool” the material in his arm because, 
while no end-point sensation occurred at 
first, later, as he moved his arm to arise, 
he experienced the spreading sensation 
characteristic of this agent. Kvale and 
Allen^ have discussed fully other factors 
in “blanks,” a term used to designate 
failure of the subject to perceive a sensa- 
tion of warmth in the area. 

The evidence of the effect of anxiety is 
interesting. One may question whether 
a patient exhibiting anxiety is “ basal ” and 
obviously he is not in the academic sense 
of the word. However, in practical use 
of any physiological test, experience has 
shown that anxiety is frequently encoun- 
tered and contributes to the variability in 
results whether in normal subjects or pa- 
tients who are ill. 

Summary and Conclusions. 1. Dupli- 
cate determinations of the blood velocity 
of 46 normal male subjects in the basal 
state were made with the calcium-mag- 
nesium salt mixture of Spier, Wright and 
Saylor® (Macasol). 

2. The arm to tongue time was 16.7 ± 
4.8 seconds, the arm to perineum time was 


26 ± 8.4 seconds, the arm to hand time 
was 28.1 =*= 6.6 seconds and the arm to 
foot time was 37.4 =*= 9.5 seconds. 

3. These times are significantly longer 
than those reported bj'^ Spier, Wright and 
Saylor® and by Kvale and Allen.^ This 
discrepancy is discussed. 

4. The normal variation of blood veloc- 
ity is greater than commonly recognized. 
This variation impairs the accuracy of this 
test as a diagnostic measure among the 
patients in whom otherwise it would be 
most useful. 

5. Systematic differences occurred be- 
tween the data of the 2 observers and a 
reason was found to account for this dis- 
crepancy. 

6. In addition to many previously re- 
ported factors affecting the determination 
of blood velocity, anxiety as a factor could 
be evaluated in one of our experiments. 

7. There was no simple relation between 
the velocity of the blood and the height, 
weight, age or pulse rate of these normal 
young men nor was any seasonal variation 
perceptible. 

8. No untoward reactions of any kind 
occurred and end-points were secured in 
all but 2 subjects. 

9. One additional reason for “blanks” 
is described. 
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Part I. Introduction. So much has 
been -written about the measurement of 
systole, both mechanical and electrical, 
that any further comment must reason- 
ably be accompanied by new information. 
Three types of information -will be pre- 
sented: (1) a description of the "bundle 
of His” as it appears in the human fetal 
heart; (2) measurements of QT duration 
in various species; (3) data acquired in 
acute experiments designed to modify the 
QT interval. In addition, deductions re- 
garding cardiac diagnosis as well as 
the deductions concerning intraventricular 
conduction -will be made. 

The terms “mechanical systole,” “elec- 
trical systole” and “Q-T” as they appear 
in the literature should be defined. Any 
1 of the 3 terms indicates a measurement 
of ventricular contraction. ViTien meas- 
urements are made by the use of mechani- 
cal devices such as suspension levers, 
cardiac plethysmographs, delicate levers 
(or mirrors) attached to the heart, pres- 
sure manometers of various types, or by 
the recording of heart sounds, the term 
“mechanical systole” is employed. The 
measurements obtained are conditioned 
not only by the physiologic state of the 
heart being investigated but by the specific 
characteristics and mechanical limitations 
of each different recording de\dce. When 
the electrocardiograph came into general 
use the term “electrical systole” appeared. 
This period was measured from the begin- 
ning of the Q wave to the end of the T 
wave and was supposed to include the 
time required for 4 processes, namely: the 
passage of the action current over the 
bundle of His, and over the ventricular 
muscle; the actual ventricular contrac- 


tion; and the recovery. Electrocardio- 
graphic explanations have changed -with 
the years; Burch and Windsor® now -OTite: 

“The Q-T interval represents the time 
required for depolarization and repolariza- 
tion of the ventricular musculature. This 
interval coincides closely with ventricular 
systole, as sj'stole begins, essentially, with 
the peak of the R wave and ends with the 
termination of the T wave. -The interval 
is measured from the beginning of the QRS 
complex to the end of the T wave (see 
Chapter I). It varies considerably with 
age, sex, and cardiac rate. AVhen the rate 
is rapid the interval is short and when it is 
slow the interval is long.” 

“The Q-T interval varies inversely mth 
the calcium level of the blood. In hypopara- 
thyroidism, uremia, after vomiting or forced 
breathing, if the calcium blood level is low, 
the interval is prolonged. In hyperpara- 
thjToidism if the blood calcium level is high, 
the interval is shortened. Digitalis shortens 
the interval. Toxic states, myocardial 
ischemia, and many types of cardiac disease, 
such as rheumatic, diphtheritic, arterio- 
sclerotic, and h}"pertensive, prolong the 
interval. A prolonged Q-T interval fre- 
quentb' indicates the presence of m 3 mcardial 
intoxication. This maj^ or maj' not be 
reversible.” 

Scattered quotations from the paper bj’ 
Blair, Wedd and Young® add further view- 
points : 

“In the intact heart, Q-T duration covers 
that time from the depolarization of the 
first activated area to the time of repolariza- 
tion of the last area to recover. The well- 
known dependence of Q-T on heart rate is 
due not only to the cumulative effects of 
rate, but to each diastolic interval as it 
occurs. It is suggested that after e.xercise 
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the Q-T interval may be a more sensitive 
index of the state of the muscle than is heart 
rate. It cannot be denied that there is a 
third factor determined by the heart rate 
which simultaneously arrests contraction 
and starts repolarization. It is very prob- 
able that the relation of the Q-T interval to 
the duration of the beat will ordinarily hold 
for the whole heart.” 

A starting point for analysis is offered 
by one further sentence contained in the 
summary of the article by Blair, Wedd 
and Youpg,® namely: “Evidence is pre- 
sented that repolarization arrests the con- 
tractile process in the muscle leading to 
the conclusion that the electrical processes 
control the mechanical rather than the 
mechanical the electrical.” 

This phrase deserves emphasis. Ash- 
man and Hull also regard the electrical 
change as primary: “Under normal con- 
ditions, therefore, the electrical change 
apparently induces the mechanical, that 
is, the local flow of action current in each 
segmen't of muscle initiates the contractile 
response in the same segment” (p. 16).- 
Thus, if mechanical and electrical record- 
ing were equally perfect one would expect 
contraction time and QT to be identical in 
a single cell. Also considering the entire 
heart, contraction in no part can begin 
before Q nor can contraction in any part 
outlast the end of T, provided the elec- 
trodes are optimally placed and sensitivity 
is adequate to record all that actually 
occurs. It is possible that recorded 
mechanical systole may be shorter than 
electrical systole (time required to de- 
velop tension, instrumental lag, etc.), 
but because contraction ends with repo- 
larization mechanical systole ainnot out- 
last electrical under the conditions speci- 
fied. Hence any conclusions based on 
the measurements of mechanical systole 
which are longer than electrical systole 
must be rejected.’^ If mechanically re- 
corded data agree with adequately re- 
corded electrical data then conclusions 
based on measurements of “mechanical 
systole” may be used to corrolmrate those 
based on electrical measurements. How- 


ever, if mechanical and electrical measure- 
ments do not agree, the latter must be 
accepted. 

The clinician and the biophysicist seem 
in sharp disagreement when White and 
Mudd^^ write: “The measurement of 
the duration of the Q-T of the electro- 
cardiogram is apparently of little or no 
clinical value,” but Blair, Wedd and 
Y^oung® state: “It is suggested that after 
exercise the Q-T interval may be a more 
sensitive index of the state of the muscle 
than is heart rate.” 

Part II. Histologic Studies and 
Their Implications. Critical reviews of 
the connections of the conducting system 
in various species can be found in the 
literature and need not be recapitulated 
here.®-*"'-^-^® More recently it has been 
questioned whether the human heart (and 
that of the dog) really possess a conducting 
system composed of specialized tissue." 
Nonidez'® reports one present in dogs and 
monkeys and describes the parasympa- 
thetic nerve supply to this tissue. 

Serial sections of 3 human fetal hearts 
were available in this laboratory for study; 
they were stained by Masson or Mallory 
techniques. One was supplied by the 
Carnegie Institute of Washington, cour- 
tesy of Dr. George Comer, and the others 
were prepared by Dr. Cornelius T. Kaylor 
of this University. In each of these human 
hearts, tissue which stains unlike ventricu- 
lar heart muscle, and which has a connec- 
tive ti.ssue .sheath can be identified.'-' 
When this tissue is reconstructed from the 
serial sections it is found to have a dis- 
tribution similar to that commonly called 
the “bundle of His” and its branches and 
peripheral e.xpansions as seen in ungulates. 
From the main bundle and from tlie chief 
branches of the bundle, multitudinous 
fibers emerge which can be followed, but 
only for .short distances, until they im- 
perceptibly change into cells ha\'ing the 
same staining reaction and appearance as 
cardiac ventricular muscle (sec Figs. 1, 2 
and 3). All histologists have noted this 
imperceptil.de change which is invariably 
an axial (end to end) transition. These 
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Fig. 2.— Detail of left ventricular margin of the "entum ti i. * • 

.'^•stem strands (see arrows A, B. O. Note that the tin of n X P“°*°™’‘^™sraph shows 3 conducting 

clear-celled conducting fiber above to the narrower ln-= ^ lies near the transition from the large 

(Mag. X 215.) The pen sketch indicates the locale ofViguri Hnd I'fa dfteenSe! 




183 


many 
lere is 
stance 
of the 

' acti- 
icytial 


Fig. 3.— Heart of a 580 mni. long beef embrj'o. Torminat twigs of the conducting system enlarged 
230:1. See S.54 a Purkinje Tilicr with 5 terminal transition.s into heart muscle. (Wahlin. Figure 24.) 



Fig. 4.— a diagram showing alternative paths (n-a, 6-6) which an artificially induced excitation 
w.avc may take in the heart wall. (Lewis, Mcohaiii.'^m and Graphic Registration of the Heart Beal; 
courtesy of Hoeber, Inc.) 


It has been said that the ventricular mus- 
cle is a syncytium, 1 huge interconnected 
mass of muscle. If this he so, first of all 
hmv could so many anatomists" he con- 
vinced that the mammalian ventricle is 
made up of several distinct muscle hands? 
Even if the concession were made, that 
the ventricles contain not merely 1 hut 

* f^cc nl-=o Trucx. R. C.. and Coivnhav 


spread over long surface areas been proven 
or disproven, (b) Is there evidence in the 
literature ivhich would support this theory, 
and (r) IVhat prevents generalized spread? 
Most MTiters have not found evidence of 
surface spread over long areas (consult 
Harris'- for Rihliography). Reports of at 
last ,5 investigators could he interpreted 

or. W. M.. Am. -T. Anaf. SO. 17.3. 1017. 
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to support the theory that limited areas 
of tissue are activated. 

An experiment described by Lewis'^ (on 
page 92) is pertinent (see Pig. 4). Let us 
assume that when the path b-b was fol- 
lowed the stimulating electrodes were sufB- 
ciently separated from the epicardial con- 
tact to be on different "islands.” Then, 
conduction had to be retrograde via a 
muscle cell and thence b3'' a conducting 
path to a junction and then forward again 
to a second island. But note the sentence: 
“If the stimulating electrodes are nearer to 
the contacts, the wave may reach P along 
the path a-a.” Here is e.vperimental proof 
that “ sjmeytial ” spread along the surface 
laj^er of the heart is ver^’’ limited. This 
e.xperiment does not neeessarilj'- prove 
that conduction is faster in the Purldnje 
tissue than in heart muscle, it does prove 
that from one point on the heart’s surface 
an impulse can be driven in a retrograde 
manner and that eventuallj' another sur- 
face area is activated. It does pro^e that 
an artificial stimulus did not spread across 
the surface sync^^tium u'hen the stimu- 
lating and the recording electrodes were 
well separated (20 to 30 mm.). The con- 
duction rate of heart muscle (on the sur- 
face) would need to be measured from 
2 contacts sufficiently near to be on the 
same “unit.” This e.xperiment of Lewis 
suggests that such units are of macro- 
scopic dimensions. The main difference 
between this e.xperiment of Lewis and 
those of Robb and Robb-® was the "near- 
ness” of the 2 electrodes. The latter 
showed that if the electrodes were suffi- 
cientlj' near and a cut were made between 
them, the intrinsic wave failed to reach 
the distal electrode. Robb’s hj^pothesis 
of conduction along a muscle bundle 
would need to be restated with this modi- 
fication that there is not “sjmeytial” 
spread of depolarization along even 1 mus- 
cle bundle for any very great distance 
but that the “conducting” sj'stem is so 
arranged that successi^'e areas along a 
given muscle bundle are depolarized 
sequentiallj-. Moe, Harris and Wiggers*® 
when analyzing the initiation of fibrilla- 


tion wite that their experiments failed to 
show that the fibrillating process neces- 
sarily spreads in the direction of surface 
bundles and specifically^ state: “Such 
observations disprove the possibility that 
development of fibrillation is contingent 
on passage of repeated long reentrant 
waves over both ventricles by common 
fasciculi of fibers.” However, Ashman 
and HulP (page 48) vTite: “It is not 
unlikely that in the ventricles, as in the 
auricles, the impulses are conducted more 
rapidlj^ lengthwise through muscle bundles 
than transverseljf. Yet the syncytial char- 
acter of the muscle would seem to assure 
transverse as well as longitudinal conduc- 
tion.” 

Because of the histologic arrangement 
described above, if a wave of depolariza- 
tion sweeps from conducting tissue to 
heart muscle cells this movement has to 
be parallel to muscle fiber direction. 
Furthermore, in order to be recorded, the 
passage of current must be axn'al, because 
if a wave of depolarization started in the 
center of a cell (arriving on a non-existent 
pathway) and spread in opposite direc- 
tions, these currents would neutralize and 
no potential would be recorded. Failure 
of stimuli to spread from one region to 
another is doubtless related to the refrac- 
tory- phase because if a wave of depolariza- 
tion reaches adjacent areas almost simul- 
taneously- these areas would be resting and 
refractory at almost identical times also. 

Quoting from Aslunan and Hull (page 
70):® “Alfredson and Sy-kes point out 
that in spite of the much larger heart 
with thicker walls in cattle, the QRS 
interval averages only- 0.09 second against 
O.OS for man. This is further evidence that 
the intramural branches of the Purkinjc 
net work arc relatively poorly developed in 
man.’’ This conclusion is not the only- 
possibility-; one is equally justified in con- 
cluding that the conduction sy-stem is so 
efficiently- arranged in each species that 
the whole mass of the beef heart is acti- 
vated about as quickly as is the whole mass 
of a human heart, and each of these is 
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activated about as quickly as a turtle of these many factors might have altered 
■heart, or a turtle heart strip. the accuracy of the figures reported. It 

Part III. Measurements op QT to seems truly remarkable that in spite of 
Cycle Ratio IN Various Species. When all the possible errors there is such a 
QT and cycle duration in seconds are degree of constancy, for with little spread, 
plotted on coordinate paper, a definite a straight line relationship appears. The 
relationship appears (Fig. 5). Also QT slope of this straight line is not the same 
and cycle values in seconds for mice;^'’ as that found by Schlamowitz.^^ The 
guinea pigs, rabbits, cats, babies,' puppies, reason may be that he included extremes 



Fig. 6. — A scatter graph plotted on double logarithmic paper shoeing QT and cycle values for various 

species; symbols as in Figure 5 

medical students, dogs, calves, a goat, of cycle duration far outside the “ normal’ ’ 
elephants,-® turtles, and turtle heart strips® range for man. 

were plotted on double logarithmic paper Discussion of Part HI. In the effort to 
(Fig. 6). The unanimity of the result is explain why any such relation from species 
the more surprising since the data were to species, including even a “ cold blooded” 
obtained under divers conditions by many form, should e.xist, one must ponder the 
workers,* using various types of underljdng conditions which determine 
recording apparatus and mth paper run- heart rate, depolarization, repolarization 
ning at varied speeds. Any one or several and hence contraction. From mere in- 
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spection of the graph it is evident that 
mass of the heart is not the complete 
answer, for the QT values in turtle heart 
strips, intact turtles, elephants, dogs and 
medical students overlap at certain cycle 
values. If we consider, for example, 
Burnett and Taylor’s’ data for “reason- 
ably healthy” young children, the younger 
the child the shorter is the QT. Also we 


The frog and the elephant are seen to 
have the same metabolic rates; a man, a 
pig and a mare have similar rates. Thus 
it is seen that when 1 species is compared 
with another, weight and metabolism do 
not bear a constant relationship. 

If the same data are rearranged accord- 
ing to decrease in metabolic rate, the 
order is: 


Table 1. — Relations of Animal 'U'^eight, Heart Rate and Metabolism Rate 





Weight 

Heart rate 

Calories 


Species 


(gm-)' 

(min.) 

(kg. per 24 hrs.) 

Mouse . 



1.75 

700-1000 

977 




12 

670 

639 




20 

500 

170 

Frog . . 



25 

30 

13 

Tortoiso . 



135 

10-20 

85 

Guiriea pig 



400 

267 

94 

Hen 



1,000 

354 

110 

Puppy 



1,750 

180 

110-160 

Baby . 



1,900 

129 

95 

Hon . . 



2,000 - 

300-350 

71 

Rabbit 



2,000 

205 

52 

Cat . . 



2,500 

116-128 

79.5 

Baby . 



5,000 

119 

71 

Dog . . 



9,600 

96 

40 

Baby . 



10,000 

106 

51 

Goat . 



33,000 

135 

49.6 

Man 



66,000 

55* 

25 

Calf . . 



116,000 

• • • 

37 

Pig . . 



130,000 

70-86 

19 

Porchcron maro . 


450,000 

55 

22 

0.x . . 

« « • 


500,000 

24 

43 

Elephant . 

« 

. 

3,600,000 

20-50 

13 


* This was the rate given in Clark's data, probably due to the special conditions of the study. 


Table 2. — Animal Species Arranged According to Decreasing Metabolic Rate 


Calories 
(kg. per 24 hrs.) 


1. Mice 170-977 

2. Hen, 1 kg. ’ 110 

Puppies, 2 kg 100-150 

3. Guinea pig, 400 gm. ... 94 

Baby, 2 kg 95 

4. Cat, 2.5 kg 79.5 

Hon, 2 kg 71 

Baby, 5 kg 71 

5. Rabbit, 2 kg 52 

Baby, 10 kg 51 

Goat. 33 kg 49.5 


know that the younger the child the 
higher is the metabolic rate. Among the 
various species studied, mice are at one 
extreme with the highest metabolic rates 
and turtles at the other with very low^ 
rates. tabulation from Clark® and 
from Benedict presents this information 
with species arranged according to weight. 


Calories 
(kg. per 24 hrs.) 


G. O-v, 500 kg 43 

Dog, 9.5 kg 40 

C.alf, 115 kg 37 

7. Man, CG kg 25 

Marc, 450 kg 22 

Pig, 130 kg 19 

S. Elephant, 3G00 kg. ... 13 

Frog, 25 gm 13 

9. Tortoise, 135 gm, . . . 8.5 


The numbers in Table 2 which indicate 
groups ha^^ng similar metabolic rates also 
indicate the species order on the QT/cycle 
graph (Fig. 6) with such overlapping as 
one might expect. The suggestion is made 
that the QT to cycle relationship depends 
on cuardiac oxygen consumption which in 
turn is a considerable factor in the so- 
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called “ basal metabolic rate.” The de^da- 
tion of points from the “normal” line in 
any species is at least partly a measure of 
the change in cardiac cellular acti\dty. 
Such an intracellular change would not 
necessarily be correlated vdth cardiac 
murmurs, hypertrophy, or any specific 
disease. One would expect it to vary 
temporarily because of changes induced 
by chemical or hormonal agents acting 
transiently (or experimentally as the re- 
sult of electrical stimulation) (Moe et al.}^ 
page 490) ; and to be permanently altered 
when such agents acted continuously or 
when some more or less permanent change 
in the cellular protoplasm had occurred. 

Several well-knovm formulEe^'®-'®-*® are 
available to express this relationship. But 
why so many formula, why a difference 
between men, women and children, why 
one constant for youtli and another for 
age? Possibly because there are too many 
variables, possibly because the variables 
already studied (mass, age, blood calcium, 
etc.) are not the ones which really deter- 
mine the duration of QT. In other words 
the formula: are inadequate because each 
requires a “constant” but we do not know 
what action or effect the constant repre- 
sents, nor do we know that it represents 
1 only. 

Ruskin and Decherd-° have studied elec- 
trical systole of the rabbit heart and con- 
clude : “ The QT-RR curves are obviously 
not linear.” They have failed to consider 
that the “isolated perfused rabbit ven- 
tricle” artificially driven may be activated 
in entirely different sequence than is nor- 
mal and that this sequence may be dif- 
ferent at different rates either due to shift 
of electrodes with activity or due to differ- 
ent cellular metabolic states at extremes 
of rates. Moreover, they include verj' 
slow and very fast rates which are cer- 
tainly abnormal for a rabbit heart; c. g., 
as low as 50 per minute and above 400 
per minute. One should remember that 
for each species there is a spread of heart 
rates and a limited range within the spread 
which can be taken as characteristic for a 
particular species. Let us complete the 


quotation: “The QT-RR curves ob%a- 
ously are not linear, although in the cen- 
tral portion, excluding the slowest and 
fastest rates, the deviation from linearity 
may not be great.” Thus the data of Rus- 
kin and Decherd^ support Robb’s opin- 
ion"^ that ivithin a range of rate normal for 
a given species the QT-RR ratio is linear, 
although thej"^ came to a different conclu- 
sion, Schlamowitz^ has already consid- 
ered this matter and presented an analysis 
leading to the conclusion: “Tins cur\d- 
linear regression is not a better fit, statis- 
tically, than the linear regression.” 

If small areas of tissue are activated 
from one strand of “conducting” tissue, 
QT may be the time required for the de- 
polarization and repolarization of such an 
island and QT would have the same 
duration whether 1 island or 1 million 
islands depolarized and repolarized, pro- 
rdded only all processes began and ended 
simultaneously. The fact that Blair, 
Wedd and Young’s® turtle heart strips 
and IMiite’s elephant hearts^® have QT 
intervals of similar duration could be inter- 
preted in the sense that the “ muscle strip” 
preparation is completely activated within 
a minimal time and that the multiple 
islands present in the elephant’s heart are 
activated most efficiently. In larger 
hearts the “conducting” system is obvi- 
ously longer and a longer time should be 
required for depolarization. Bnt if depo- 
larization of the conducting system does 
not register uith ordinary electrocardio- 
graphic techniques (Ashman and HuU," 
page 62; Bazettin MacLeod’s Physiology 
page 2S4), if only surface effects register 
anj-way, and if QT is a record of depo- 
larization of ventricular muscle, then QT 
could not be expected to be longer merely 
because of longer conducting pathways, 
provided the individual islands of ven- 
tricular muscle to be depolarized in hearts 
of varying total size were of a similar 
area and as optimally connected, in large 
as in small hearts. 

PR (or PQ) is the time elapsing from 
the first depolarization of auricular tissue 
(possibly the pacemaker but more prob- 
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ably auricular muscle) to the first depo- 
larization of ventricular muscle itself {not 
the conducting system). Slowed conduc- 
tion in the auricle, in the auriculo-ventricu- 
lar connections, or a longer intraventricu- 
lar pathway, would register as a delay in 
time between the onset of auricular and 
the onset of ventricular depolarization, 
that is, as a lengthened PR (or PQ) but 
not as a lengthened QRS or QT. This 
interpretation is substantiated by Ashman 
and HulP (pages 69-70) and by Burch 
and Windsor® (page 63). PR varies with 
heart size. 

Let us again quote from Ashman and 
HulP (pages 69-70): "Those who have 
tried to interpret the human electrocardio- 
gram in accordance with the newer view 
have been forced, in order to explain the 
normal width of the QRS complex, to 
assume that depolarization of a heart 
muscle fiber requires several hundredths of 
a second. If this be true, then conduction 
of the wave of excitation tlu-ough ven- 
tricular muscle proper must be at an 
extremely low velocity, slower than in the 
turtle heart at much lower temperature.” 
If we accept the view that QT is the time 
required for depolarization of a unit sup- 
plied by a single conducting strand, then 
in the intact heart a longer QT is due to 
some lack of simultaneity in the onset of 
depolarization and completion of repo- 
larization of different units. We must not 
forget that if the wave of excitation did 
spread through any considerable extent of 
syncytium such a spread should have been 
detectable and this has not been the case 
cither for normal hearts or for fibrillary 
waves.^"’*® 

Paet IV. Expeeimen'Tal jModifica- 
TiON OF QT. Method. Some dogs were 
trained to lie in a cradle, on their backs, 
while epinephrine was given intravenously, 
either before or after administration of 
atropine. In other experiments dogs were 
given 30 mg./kg. of sodium pentobarbital 
after which the vagi were dissected and 
later were stimulated by electrodes lead- 
ing from a Harvard Tnductorium. Aecel- 
erator stimulation was performed before 


and after atropinization. Electrocardio- 
grams were recorded by crystal galvan- 
ometers built by the, Cambridge Instru- 
ment Company. The paper speed was 
generally 50 mm. per second. 

Results, Bj’’ direct experimentation in 
intact dogs one can show that to a limited 
degree absolutely and to a great degree 
relatively QT is shortened by vagal stimu- 
lation. In addition we observed that if 
the heart cycle is long due to certain non- 
vagal causes {c, g., moderate asphyxia in 
an atropinized animal) QT is long, whereas 
if the same cycle duration is caused by 
vagal stimulation (or by acetyl beta 
methyl choline) the QT is unduly short- 
ened. QT/cycle ratios during vagal stimu- 
lation in 4 experiments are shown in 
Figure 7 B. 

During accelerator stimulation the ac- 
tual QT reading may remain constant, 
or may increase slightly or even decrease 
but the ratio of QT to cycle increases 
greatly (see Fig. 7 A). Epinephrine in- 
jection in unanesthetized dogs causes first 
a reflex vagal stimulation and later a 
mixed vagal and accelerator stimulation 
(see Fig. S). If epinephrine is given after 
atropinization in unanesthetized trained 
dogs the QT changes are the same as 
when the accelerators are stimulated 
(compare Fig. 7 A with Figs. S and 9 G). 
One sees that if the proportion of vagal 
and accelerator influence is varied the 
QT duration will change even though the 
cycle is unchanged. Figure 9 A-B indi- 
cates that in trained dogs the QT/cycle 
ratio averages about 40. During anes- 
thesia this ratio is higher, averaging 53. 
During vagal stimulation there is tremen- 
dous reduction of this ratio even to 9 or 10. 
The average for the whole period of vagal 
stimulation is 23 (Fig. 9 C). If the vagus 
is reflexly stimulated by the administra- 
tion of epinephrine, the same marked re- 
duction of QT/cycle occurs (Fig. 9 E). 
The QT/cycle ratio is shown for accelera- 
tor stimulations in Figure 9 D. Alter 
atropinization the ratio is raised above 60, 
averaging 65 (Fig. 9 F). When epineph- 
rine is given after atropine (Fig. 9 (?), the 
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- Accelerator Stimulation 


1.9 

Vaeal 

1.8 StimuIatioD 


Pig. I.—A, Accelerator stimulation in anesthetized dogs. Ordinates time in seconds. Taller columns 
represent cycle; following shorter columns are QT for same diastole. Cross-hatching control values, 
solid blocks result of stimulation. Data from 10 experiments. B, Vagal stimulation in anesthetized 
dogs. Results of 4 experiments. Times, cross-hatching and solid blocks have same significance as in 7 A. 


Vagal Reflex Vagal Action -1- -f Vagal 
Action Accelerator Reflex 

Action T- 


.8 8 ia 


Vagal 
Action + 
Accelerator 
Action -J--f 


No Vagal Component 


Fig. S, — Data represent 1 experiment in a trained non-anesthetized dog, procedures indicated on 
graph. Comment in text. Ordinate represents time. Tall columns are cycle duration; following 
short columns nre QT duration. 
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QT/cycle ratio becomes very high, even 
above 90. 

Summary and Conclusions. 1. A “bun- 
dle of His” is present in the human fetal 
heart; this tissue merges imperceptibly 
(along a longitudinal axis) into heart 
muscle cells and a given strand supplies 
a limited area. 


about the anatomic distribution of a con- 
ducting system to the ventricle. Because 
cutting and crushing experiments damage 
all tissues in this region, such procedures 
can never determine which tissue serves 
as a conducting pathway. 

3. In accordance Avith the distribution 
of this differentially stained tissue and in 
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Fig. 9,— a scatter graph showing values of QT -f- cycle, compiling the data in Figures 7 and S. 


2. The possibility exists that this struc- 
ture, “similar in distribution to the 
‘bundle of His’ and its ramifications in 
ungulates,” is not the “conducting” sys- 
tem. If it is not, if conduction from 
auricle to ventricle is by way of nerves, 
then since no parasympathetic nerves 
reach the ventricular muscle (Nonidez) 
the sympathetic nerves would need to be 
the “ condxicting tissue.” As yet no 
method has been devised for differential 
sympathetic staining and the ultimate 
distribution of these nerves to ventricular 
muscle is not knorvn. In other words, if 
the structure “similar in distribution to 
the 'bundle of His' in ungul.ites” does 
not serve as the conducting pathway from 
auricle to ventricle, then we know nothing 


accordance Avith much data aA'ailable in 
the literature regarding initial negativity 
of heart surfaces, it is suggested that quite 
limited areas of heart muscle, “islands,” 
depolarize as a result of stimuli arriA'ing 
over these numerous anatomic pathways. 

4. QT readings for intact animals be- 
longing to many species are presented and 
the relation of these to cycle length estab- 
lishes that QT duration is independent of 
the total mass of the heart. 

5. QT duration seems to be directly 
related to metabolism, presumably cardiac 
cellular metabolism. 

6. In the intact dog, QT/cycle ratio is 
decreased by vagal stimulation. 
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7. In intact dogs, QT/cycle ratio is 
increased after atropinization and by 
accelerator stimulation. 

8. Measurements of QT made under 
such conditions that the number of vari- 
ables active at one time is limited offer 
an indication of the state of the heart 
muscle (e. g., the effect of increased acetyl- 
choline or epinephrine). Thus QT dura- 


tion for a given cycle length can be varied 
at ■«’ill. 

9. The reason for lack of “clinical use- 
fulness” of measurements of QT may be 
that the specific effects of all possible 
variables are not yet known. 

10. In laboratory animals the QT/cycle 
ratio seems more significant than mere 
QT duration. 
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Although much progress has been 
made in the treatment of hyperthyroidism, 
its etiology remains obscure. It is not 
known by what mechanism the thyroid 
hormone accelerates the metabolic rate. 
Moreover, the structure of the thyroid 
hormone, in its active form, has not been 
determined, although it is believed that 
thyroxin constitutes part of this molecule. 
However, since the active hormone is 
largely coneerned with oxidative phenom- 
ena, it seems important to know more 
about alterations in biologic oxidations in 
the body cells of thyrotoxic subjects and 
about compounds that will modify these 
reactions. 

The amount of oxygen consumed (QO 2 ) 
by many tissues of hyperthyroid animals 
has been stated to be increased, whether 
hyperthjrroidism was produced by desic- 
cated thyroid,^® thyroxin,'^ or 

thyrotropin.^^ On the other hand, Ger- 
ard and McIntyre'® found in thjToid-fed 
dogs that the QO 2 of thyroid tissue Avas 
decreased. After thjToidectomy the oxy- 
gen consumption of tlie tissues was shovm 
to be decreased.’'-'® Reiss and associates- 
stated that the amount of tlij-roxin that 
theoretically could be mobilized from the 
thyroid gland by giving thjTotropin to 
rats would be inefl'eetive in producing in- 
creased tissue respiration when given par- 
enterally in the form of thjTOxin. This 
observation could be interpreted as indi- 
cating that thjToxin must become acti- 
vated before it has a calorigenic effect. 

Haffner'® believed that in hyperthjToid- 
ism tliere is an increased anaerobic glyco- 
lysis and that the increased oxygen con- 
sumption in this condition resulted from 
the necessity of the organism to oxidize 
or resynthesize the increased metabolites. 


However, results of the studies of these 
phenomena have varied.®-'®-®®-®®. In a 
thorough investigation of the subject, 
McEachem'® concluded that an increase 
of tissue glycolysis is not the fundamental 
cause of the increased oxygen consump- 
tion in hyperthyroidism. He believed 
that there is no abnormal respiratory 
mechanism in the body cells. He found 
that hepatic and renal tissues from hyper- 
thyroid animals oxidized various sub- 
strates (lactate, pjTovate and succinate) 
as well as did normal tissues, while muscle 
oxidized them at a rate greater than 
normal. 

In this laboratory we have investigated 
some of these problems; the results are 
reported in this paper. The main objec- 
tives of these studies were to observe: 
(a) the direct and indirect effects of thjTo- 
globulin or thyroxin on the oxygen con- 
sumption of tissue slices; (b) the effect of 
common inliibitors of respiration on tis- 
sues of normal and hyperthjToid animals; 
and (c) factors affecting the activation of 
thjToxin. 

Methods. The experiments were per- 
formed with rats, guinea pigs and patients 
with thjToid disease. The rats were of the 
white Wistar strain and varied in size and 
sex; most of them were males weighing about 
200 gm. Thej' were fed Purina Laboratory 
Chow. The guinea pigs were of both sexes 
and varied in size, although most of them 
weighed about 300 gm. The}-^ were fed rab- 
bit chow, supplemented with lettuce and 
carrots. Basal metabolism tests were con- 
ducted vith a closed-circuit method, a 
small spirometer being used for each rat. 
The air was circulated by a vacumn piunp. 
Carbon dioxide was removed with flakes of 
sodium hydro.xide and water was removed 
by concentrated sulfuric acid. The te-st was 
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conducted after the animals had fasted for 
18 -hours. The basal metabolic rate was 
determined in the manner described by Lee.“ 

For the studies dealing with the oxygen 
consumption of tissue slices the animals 
were fasted for about 15 hours and were 
killed by a blow on the head. The liver, 
kidney, diaphragm, pectoral muscle, heart 
and thyroid gland were rapidly sliced into 
pieces less than 0.5 mm. in thickness. All 
of the tissue for each experiment was ob- 
tained from the same animal, except that 
thjToid tissue was taken from 2 or more 
animals. Duplicate sets of determinations, 
including control specimens, were conducted 
and the values were averaged. 

The rate of oxygen consumption of these 
tissues was measured in Warburg respirom- 
eters containing either 3 cc. of Ringer’s solu- 
tion with 0.1% glucose and buffered with 
phosphate or 2.7 cc. of horse serum and 
0.3 cc. of Ringer’s phosphate-glucose solu- 
tion. In the e.xperiments with serum the 
bicarbonate was removed by shaking with 
hydrochloric acid at pH 6, after which the 
pH was adjusted to about 7.4 with sodimn 
hydroxide. All of the horse serum used was 
obtained from the same bleeding and was 
kept in sterile ampoules at 5° C. In the 
center cup of each flask was placed 0.3 cc. 
of 20% potassium hydroxide. The man- 
ometers were flushed with o.xygen for 10 min- 
utes and were shaken at a rate of 100 to 120 
oscillations per minute at 38° C. Readings 
were taken at intervals of 10 minutes for 
1 or 2 hours and then the pH of the sub- 
strate was tested. The slices of tissue were 
remo'V'ed from the flasks, rinsed in distilled 
water, dried at 105° C. for 24 hours and 
weighed. There was, on the average, about 
15 mg. of water-free tissue obtained from 
each flask. The results were calculated in 
the usual waj' — QOj = c.mm. 0; consumed 
per hour per mg. drj' weight of tissue. 
Except where stated otherm'se, the values 
are based on the o.x 3 ’gen consumption during 
the 1st hour. 

ThjToglobulin was prepared in the manner 
described by Canzanelli and Rapport.* It 
contained about 0.7% iodine. In drj' form 
it remained active for several months. Pre- 
ceding each axperiment with th 3 TO.xin, the 
crj'stals were dissolved in saline with the 
aid of a verj- small amount of iK” sodium 


hydroxide. The thyrotropic hormones* used 
in these studies was found to have 50 Junk- 
mann-Scholler units of thyroid activity per 
1 cc. of solution. 

The remaining details of the methods used 
are described in conjunction with the report 
of the results of the experiments. 

Effect of Tstboglobulin. Tbyro- 
globulin was found to increase the QO 2 
of guinea pig and rat liver. In 6 of 7 ex- 
periments using horse serum as the sub- 
strate, the QO 2 of guinea pig liver was 
increased from 40 to 100%, as noted in 
Table 1. In the 4 experiments using rat 
liver and horse serum, the percentile in- 
crease in QO 2 varied from 30 to 37%. 
In each of 5 experiments using guinea pig 
or rat liver suspended in a medium of 
Ringer’s phosphate-glucose solution, thj’-- 
roglobulin produced a significant increase 
in the oxygen consumption (Table 1). In 
the 1 instance when the serum of a patient 
with hypometabolism, but not hypothy- 
roidism, was used in conjunction with 
thyroglobulin, no increase in the QO 2 was 
observed. It is to be noted that no in- 
crease in oxygen consumption of dia- 
phragm or kidney occurred during the 
1st hour of incubation, but there was a 
significant increase in the 2nd hour. 

On the basis of these results and the 
e.xperiences of others, it is clear that 
thjTOglobulin increases the QO 2 of manj" 
tissues. Therefore, it is important to 
know how this substance is related to the 
circulating hormone. Upon using a deli- 
cate test for thjTOglobulin, Lerman*® failed 
to demonstrate the presence of this sub- 
stance in the blood stream, except after 
traumatization of the thjToid gland as 
during thjToidectomj'. DeRobertis® pos- 
tulated that a proteotytic enzymatic ac- 
tion in the thjToid gland leads to a dis- 
integration of thjTOglobulin, permitting 
the entrance of a smaller molecule, like 
thjToxin, into the blood stream. How- 
ever, as illustrated bj' the following results 
as well as experiences of others,^'^ it 
seems necessarj- for thjToxin to undergo 


* ThjTotropic hormone (Antuitrin-T) was fumfehed through the courtesy of Dr. Oliver Kamm, 
Parke-Da^'is and Company, Detroit, Mich. 
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some process of activation before it can 
increase the rate of oxygen consumption 
of tissues. 

Effect of Thyroxin. Although thy- 
roxin, when injected intravenously, causes 
a prompt and pronounced increase in the 
basal metabolic rate, many investigators 
have observed that this compound causes 
little or no increase in the QO 2 when it is 
added directly to tissues in Warburg 
respirometers. 


in thjTOxin or in body fluid or tissue 
before this compound can increase the 
rate of biologic oxidations. Such a change 
can take place within 6 hours in vivo, as 
shown in Figure 1. From each of 3 myx- 
edematous patients serum was withdrami 
for use as a control and then thyroxin in 
doses of 3, 5, or 12 mg, was administered 
intravenously. Four samples of serum 
from each of the 3 patients were obtained 
within the next 12 hours. Certain speci- 


Table 1. — Effect of Thyhogi.obtji.in on QO 2 of Guinea Pig and Rat Tissues 



Guinea pigs 


Rats 



Amount of 

Increase 

Amount of 

Increase 


thyroglobulin 

QO: 

thyroglobulin 

of QO: 


(mg.) 

(%) 

(mg.) 

of QQ; 

Substrate 

Slices of liver 


Slices of liver 

Horse serum 

. . 5.0 

40 

5.0 

57 


5.0 

0 

5.0 

30 


5.0* 

100 

10.0 

38 


5.0* 

93 

10.0 

50 


10.0 

50 




10.0 

57 




10.0 

03 



Hypometabolismt 

, . 10.0 

0 

5.0 

100 

Ringer’s phospbatc-gluooso 

. . 2.5 

30 

60. of 

120 


10.0 

44 

5.0§ 

48^ 


100.0 

65 

5.0 

mil 


* The thyroglobulin used in this exporiment was prepared from a thyroid gland of man. 
t The serum was obtained from a patient with hypometabolism but not hypothyroidism, 
i Slices of kidney. 

§ Slices of diaphragm. 

1[ O.xygen consumption during the 2nd hour of incubating. No significant change in QO: took place 
during the 1st hour. 


We found that the addition of thjToxin 
to liver slices caused no increase in the 
QO 2 during the 1st hour. Canzanelli, 
Guild and Rapport^ found in most of their 
experiments that thjToxin had no stimu- 
lating effect. With thjToid tissue, PaaP* 
found increases of 200 % when it was sus- 
pended in serum and thjToxin for a period 
of 24 hours. Davis, DaCosta and Hast- 
ings'* observed that thyroxin in vitro in- 
creased the tissue, hloreover, the increase 
in respiration of the frog heart did not 
occur until after several hours of incuba- 
tion. Davis and Hastings® found that 
thjToxin increased the oxygen consump- 
tion of the excised limulus heart after 
incubation for 15 hours. 

lintc of Activation of Th/roxin in TTro. 
Some change probably takes place either 


mens of the serum added to slices of 
guinea pig liver in Warburg respirometers 
caused a distinct increase in the QO 2 , the 
maximal response being obtained with 
serum withdrawn about 6 hours after the 
patients had received thjToxin. In the 
2 patients who received the smaller doses 
of th^Toxin, after 12 hours the effect of the 
serum was not much different from that 
obtained before these patients received 
th.^Toxin, Serum withdrawn 6 days after 
1 patient had received 12 mg. of thjToxin 
yielded the same QO 2 as did pre-treatment 
serum. In a fourth im*xedematous patient 
serum obtained 50 hours after the subject 
had been given 7 mg. of thjToxin gave 
the same results as serum obtained from 
this subject before treatment. These ob- 
servations suggest that th\Toxin does 
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become activated in the body vdthin a 
few hours, but the site of activation is not 
knorni. Not much hj'^peractivity was 
demonstrated by the serum after 12 hours. 
The thyroid gland apparently did not 
participate in the reaction in these myx- 
edematous patients since there was essen- 
tially no th^Toid tissue present. The 
following experiments were conducted to 
determine whether thyrotropin, normal 
serum or liver tissue might affect the 
activation of thyro.xin. 


was added to 2.7 cc. of serum and slices 
of guinea pig liver. No ealorigenic effect 
was observed, although in a similar ex- 
periment 0.1 mg. of thyroglobulin caused 
a 33 % increase in QO 2 . 

Experiment 111; Thyroxin Antuit- 
rin-T -f serum were added to rat liver 
and the QO 2 was determined immediately 
thereafter. The rate of respiration was 
the same as ndthout the hormones. The 
same results were obtained when guinea 
pig liver was used instead of rat liver. 


EFFECT OF SERUM OF MYXEDEMATOUS PATIENTS 

100 


80 


60 

PER CENT 
INCREASE OF QO, 

40 


20 
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Fto. 1. — Note that scrum obtained 3 hours after the injection of thjToxin caused a slight increase 
inlQOs of liver slices, but the maximal effect was obtained after e to 9 hours. The larger the dosage of 
thsToxin the greater was the ealorigenic action of the serum at 32 hours. 


GIVEN THYROXIN INTRAVENOUSLY 



. Is Thyroxin Activated by Scriim and 
Thyrotropin^ Experiment I: In this ex- 
periment the following solutions were 
measured out: (a) 0.9 cc. serum -f- 0.1 cc- 
(0.2 mg.) of th\To.xin, (b) 0.9 cc. of Antu- 
itrin-T + 0.1 cc. of thjTo.xin, (c) 0.5 cc. 
of Autuitrin-T + 0.4 cc. serum + 0.1 cc. 
thjTO.xin, (</) 0.9 cc. saline + 0.1 cc. of 
th.vroxin, (r) 0.5 cc. of Antuitrin-T + 
0.5 cc. of serum, and (/) 1 cc. of serum. 
The solutions were incubated at 38° C. 
for 5 hours and then 0.3 cc. of each was 
added to 2.7 cc. of liorse serum containing 
slices of rat liver or lieart. In no instance 
was thtTOxin found to have a ealorigenic 
effect. 

Experiment II: One cc. (2 mg.) of 
thjToxin and 2 cc. of Antuitrin-T, pH 6.S 
were incubatetl at room temperature for 
4S hours. Tiien 0.3 cc. of the mixture 


Is Thyroxin Activated by Scrum and 
Liver? To 10 mg. of thjToxin, dissolved 
with 1 drop of normal sodium hydroxide, 
was added 10 cc. of serum. About 7.5 cc. 
of this mixture was incubated at 37° for 
15 hours with 45 mg. of guinea pig liver 
slices and the other 2.5 cc. was incubated 
without liver. The liver slices were re- 
moved and the volume of the solution was 
increased 3 times with phosphate medium. 
An aliquot of 3 cc. was placed in respirom- 
cters in the presence of slices of fresh 
guinea pig liver. However, no ealorigenic 
effect was observed. 

Ten mg. of thjTOxin, dissolved with 
1 drop of sodium hydroxide, was added 
to 10 cc. of serum and an aliquot, 1.5 cc. 
was incubated with 21 mg. of guinea pig 
liver slices. Similar amounts of th 3 To.xin- 
serum mixture T\-ithout liver, and plain 
scrum were incubated simultaneously at 
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37° for 48 hours. The liver tissue was 
removed and the solutions were diluted 
10 times with phosphate medium and 
3 cc. were used in the respirometers with 
liver slices. The QO 2 of the specimen 
incubated with liver was 300% greater 
than the 1 containing serum only. 

In 6 similar experiments there was no 
increase in the QO 2 when the substrate 
contained thyroxin that had previously 
been incubated with serum (Table 2). 
However, when thjToxin was incubated 
with liver slices and serum, an increase 
in QO 2 occurred in 2 of the 6 experiments. 
No increase in QO 2 resulted when the 
incubation mixture consisted of serum and 
liver without thyroxin or when serum 
alone had been incubated for 48 hours. 
Moreover, when phosphate medium was 
incubated with or without thyroxin it 
led to no increase in QO 2 . 


port,^ who also found that when thyro- 
tropin plus either thyroxin, thjTOglobulin 
or diiodotjTOsine were incubated wnth 
either thyroid or liver, the effects produced 
were additive ones of each of the test 
materials separately. These investigators 
concluded that the action of thixotropic 
hormone on metabolism, through the 
thyroid, was not due to a specific effect on 
thyroxin, thyroglobulin or diiodotjxosine. 
Although thjTotropin stimulates thjxoid 
cells in vitro as well as m vivo, the QO2 
of thyroid tissue is not necessarily propor- 
tional to the amount of hi'^perplasia that 
develops.^® 

Effect of Serum of Patients with 
S iMMONDs’ Disease, Myxedema or Thy- 
rotoxicosis. When normal horse serum 
was used as the substrate, the QO 2 of liver 
tissue was higher than when Ringer’s 
phosphate-glucose was used (Table 4) 


Table 2.— Incubation of Thyroxin With Serum and Liver Tissue 

QOs 


Hours pt 

Tissue (mg.) 


Thyroxin + 

Increase 

Thyroxin + 

Increase 

incub.ition 

(dry weight) 

Control 

scrum 

(%) 

serum + liver 

(%) 

24 . . 

. 5.8 

4.G + 0.1 

4.3 + 0.0 

0 

4.3 + 0.1 

0 


9.7 

5.0 + 0.1 

5.4 + 0.1 

0 

5.5 + 0.1 

0 


11 9 

5.5 4- 0.4 

5.0 + 0.3 

0 

7.0 + 0.0 

45 

48 . . 

. 9,7 

6.3 + 0.1 

5. 7 + 0. 2 

0 

34.0 + 2.0 

507 


7.2 

5.1 + 0.3 

5.0+ 0.1 

0 

6.0 + 0.2 

0 


10.1 

5.4 + 0.0 

4.8 + 0.0 

0 

5.4 + 0 1 

0 


As to why thyroxin, incubated with 
liver and serum appe.ared to have become 
distinctly activated in 3 experiments and 
not in the other 4 is not known. It is 
possible that the liver and serum mixture 
might have the capacity of inactivating 
thjxoxin as well as of activating it. 

Effect of Thyrotropic Hormone. 
IVo-tenths of 1 cc. of thyrotropic hor- 
mone (Anluitrin-T), added to serum con- 
taining slices of liver, heart, diaphragm 
or thjxoid, caused no increase in the 
respective QO 2 (Table 3). Tliere was no 
increase in QO 2 wlien th\Toxin (0.2 mg.) 
and thyrotropin (0.2 cc.) were added to 
liver slices, nor when th^Tot^op{n, thyroid 
tissue and liver tissue were incubated 
together. These observations are in ac- 
cord with those of Canzanelli and Ra}>- 


However, there was no essential difference 
in the QO2 of liver or heart whether the 
serum used was from a horse or a normal, 
thjTotoxic, myxedematous, or panhypo- 
pituitary individual. The respiration of 
diaphragm or pectoral muscle was the 
same with the serum of either a normal 
or thjTOtoxic subject. The respiration of 
thjToid tissue varied in different experi- 
ments, but the results of indi\'idual tests 
demonstrated that the respiration was 
less in the presence of serum of patients 
Math thjTotoxicosis than it was with serum 
of normal man or horse. Whether this 
decreased QO2 was related to the increased 
amount of thjxoid hormone in the scrum 
is a matter of conjecture. 

Biopsies were performed on the gastroc- 
nemius muscles of 4 patients, 2 of whom 
had myxedema, 1 Simmonds’ disease and 
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1 thjTotoxicosis. Only local anesthesia 
tras used and care was taken to avoid 
getting novocaine in the muscle. Slices 
of myxedematous muscle were incubated 
with the sera of normal, thyrotoxic and 
m^Tcedematous subjects. The QO 2 was 
essentially the same in each case. The 
muscle slices of the patients with Sim- 
monds’ disease or thjwotoxicosis had dis- 
tinctly lower QO 2 values in the serum of 
patients with Simmonds’ disease or the 
serum of thjTotoxic subjects than in 
normal serum. 


each of the inhibitors was administered to 
rats, intraperitoneally in from O.I to 0.5 cc. 
of saline. Each of the rats weighed from 
135 to 165 gm. Death occurred in 1 min- 
ute after 0.4 mg. of cj’^anide, after 4 min- 
utes with 0.8 mg. of azide, after 18 minutes 
with 20 mg. of moniodoacetate, after 25 
minutes TOth 200 mg. of malonate and 
after 46 minutes with 5 mg. of fluoride. 

Three experiments were conducted with 
rats in w'hich the inhibitors were given 
in the drinking w'ater for 6 da^'s or longer. 


Table 3. — Effect op Ththotbopij.' (Antoitbin-T) ov the QO; of Guinea Pig Tissue 


Tissue 

No. 

experitnenfs 

Control 

No. 

e.xperiments 

ThjTOtropin 
(0.2 cc./flask) 

Liver 

... 22 

7.6 

3 

7.6 

Heart 

. . . 17 

5,9 

3 

5.9 

Diaphragm 

. . . 6 

3.7 

3 

3,3 

Thyroid 

. . . 8 

6.6 

3 

4.8 


Table 4. — Effect of Ttpe Serum on QOj op Guinea Pig Tissues 




No. 

Average 

Tissue 

Substrate 

e.xperirnents 

QDs 

Liver 

. . B.P.G.* 

4 

4.2 


H.S. 

22 

7.6 


N.S. 

13 

7.5 


T.S. 

14 

8.5 


M.S. 

5 

7.3 


S.S. 

4 

6.8 

Heart 

. . H.S. 

17 

5.9 


N.S. 

8 

7,2 


T.S. 

8 

5,6 


M.S. 

2 

5.0 


S.S. 

4 

5.7 

Diaphragm 

. . H.S. 

0 

3.7 


N.S. 

3 

2.6 


T.S. 

8 

2 9 

Pectoral muscle . 

. . T.S. 

4 

2.4 


T.S, 

2 

2 6 


* R.P.G., Ringer’s phosphate-glucose; H.S., horse serum; Jv.S., normal serum (man); T.S., scrum of 
patients with thjTotoxicosis; M.S„ serum of patients Bath mjwedema; S.S., serum of patients with 
Simmonds’ disease. 


Effect of Enztsie Inhibitors. Five 
common enzyme inhibitors were studied. 
The experiments were divided into 2 main 
groups: the inlubitor was given in the 
drinking water of rats in 1 instance and 
in the other it was added to the substrate 
in Warburg respirometers. 

In Vivo Studies. The dosages of the 
inhibitors were selected after conducting 
preliminarj' tests of the appro.ximate 
lethal dosages, as ilhistratcd by the fol- 
lowing e.xamples. The sodium salt of 


Experiment I: Five groups of rats, with 
3 in a group, each rat weighing from 130 
to 190 gm., were given an inhibitor in the 
drinking water in the amounts listed in 
Table 5. After 6 days the basal metabolic 
rate was determined, the animals were 
killed with a blow on the head, and in 
some instances estimations of the QO; of 
the liver and heart were made. 

On comparing the basal metabolic rates 
of these animals with those of animals 
of the same size and sex it was found 
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(Table 5) that the rate had increased in 
each group of rats, wth the exception of 
the receiving fluoride. With cyanide, 
azide and iodoacetate the increase was 
50 % or more. The QO 2 of liver slices was 
significantly decreased with cyanide and 
iodoacetate, but was essentially unchanged 
with azide and malonate, whereas the QO 2 
of heart slices was decreased with malonate 
and iodoacetate, but increased vdth azide. 


creased significantly in each group, the 
increase being greater in the ones which 
received tlijorotropin plus an inhibitor, 
except in the group given azide. There 
was no decrease in the QO 2 in any of the 
4 groups tested. In fact, there was an 
increase in the QO 2 of liver slices in the 
groups which received fluoride or azide. 

Experiment III: This experiment was 
similar to the preceding one. There were 


Table 5. — Effect of Inhibitors on Basal Metabolic Rate and QO 2 in Rats 



Drinking 

waters 

(%) 

B.M.R. 

(%) 

QOj 

(%) 

Inhibitor 

Liver 

Heart 

Cyanide . 

. . 0.25 

4-60 

-35 


Fluoride . 

. . 1.25 

0 



Azide 

. . 0.12 

-f50 

0 

4-27 

Malonate 

. . 0.40 

4-25 

0 

-28 

Iodoacetate . 

. . 10.00 

4-54 

-24 

-15 

* Each inhibitor was in the form 

of its sodium salt. 





Table 6.— Effect in 10 Days of Inhibitors and Thyrotropin on the Growth and Basal 
Metabolic Rate of Rats and the QOj of Their Liver 

Weight gain Increase in B.M.R. Increase in QOi 



Doso* o! 
inhibitor 
(mg./rat) 


(%) 


(%) 


i%) 

Inhibitor 

Inh. 

Inh 4- TTHt 

Inh. 

Inh. 4- TTH 

Inh. 

Inh. 4- TTH 

Cyanide 

. 0.1 

68 

32 

30 

45 

4 

6 

Fluoride . 

. 0.5 

55 

61 

15 

45 

39 

19 

Azide . 

. 0.1 

82 

66 

55 

30 

21 

70 

Iodoacetate 
Malonate . 

2.0 
. 50.0 

53 

75 

50 

45 

4 

64 

0 

13 


* Daily doso of inliibitor (inh.) given subcutaneously in 0.2 cc. of saline, 
t TTH, thyrotropin (Antuitrin-T) — 0.1 cc. given subcutaneously once daily. 


Microscopic sections of the liver, mus- 
cle and thjToid of some of these animals 
revealed no abnormalities with the excep- 
tion of slight hj'perplasia of the thjToid 
in the animals receiving cyanide or 
malonate. In the latter there also Avas 
decreased colloid and greater vacuoliza- 
tion than normal. 

Experiment II: In this experiment 
18 rats, Aveighing from 33 to 40 gm. Avere 
diAuded into 9 groups. Once dailj’- each 
animal in 5 groups Avas gn-en, subcutane- 
ously, 0.2 cc. of 1 of the 5 aforementioned 
inhibitors in concentrations listed in 
Table G. Each of 4 other groups Avas 
given daily injections of tliATOtropic hor- 
mone, 0.1 cc., and 1 of the inhibitors. 
Mter 10 days all rats had gained weight, 
but less rapidly than did normal control 
animals. The basal metabolic rate in- 


10 groups of rats Avith 2 animals in each 
group. These rats had an aA’^erage initial 
weight of about 75 gm. They Avere given 
the same inhibitors and thyrotropin in 
the same dosage as in the preAdous experi- 
ment. After 8 and 14 days' there was no 
decrease of the basal metabolism, but 
there Avas not as much increase as in the 
prcA-ious experiment. Again there Avas a 
distinct inhibition of Aveight gain. 

Sections of the th\Toid and liA'er of 
each of the animals were examined micro- 
scopically. There Avere no remarkable 
abnormalities in the liA^er and no hj'per- 
plasia of the tliAToid except in the groups 
receiAung tliATotropin. 

It is clear that Avith the doses of inhibi- 
tors used no decreased basal metaboh'c 
rate was produced in rats. However, that 
some inhibitor^' effect probably took place 
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is indicated by the decreased QOj that 
was observed in some instances. The 
increase in the intact animal was probably 
related to a variability in the response of 
different tissues to the inhibitors nith an 
inefficient metabolism resulting. 

In Vitro Studies. The effects of cyanide, 
fluoride, malonate, azide and iodoacetate 
on the QO 2 of slices of liver, heart and 
diaphragm of hj'perthyroid guinea pigs 
were tested. The hj'perthjToidism was 
produced by the injection of thjTotropin 
daily for several days preceding the test. 
The concentration of the inhibitors used 
in the Warburg vessels was either 0.02 
or 0.04 M. Iodoacetate was also tested 
in concentrations of 0.002 and 0.004 M. 
In 1 experiment 50 mg. of th^Toglobulin 
was added to slices of liver of normal 
animals and the inhibitory effect of iodo- 
acetate was tested. 

The amount of inhibition of Ci'anide 
was about 85%, of iodoacetate 40%, of 
fluoride 35% and of malonate and azide 
30%. Similar degrees of inhibition were 
observed with slices of liver, heart and 
diaphragm of normal guinea pigs. 

These observations are in keeping with 
those of McEachem,*® who concluded that 
cyanide, fluoride and moniodoacetic acid 
reduced the respiration of hjTjerthjToid 
tissues, but did not affect the fundamental 
mechanism which makes an increased sup- 
ply of o.xygen necessary to the organism. 
Gordon and Heming^* found that fluoride 
or cyanide caused the same percentage 
decrease in QQ 2 of both normal and hj'per- 
thjToid liver slices, and malonate pro- 
duced equal QOj values. These investi- 
gators found that malonate caused mark- 
ed inhibition in the respiration of hj-per- 
tb\Toid rat diaphragm but no change in 
the normal tissue. 

Discussion. Neither tlie precise struc- 
ture of the th\Toid hormone nor its site 
of action has been demonstrated. How- 
ever, sufficient data have been accumu- 
lated to permit reasonable tentative hy- 
potheses. Since (a) proteolytic action on 
th\Toglobulin antecedes its liberation from 
the th\Toid gland;* (b) th\Toglobulin ap- 


parently does not usually circulate in the 
blood stream;^® (c) thjTo.xin, unlike thjTo- 
globulin, does not e.xert a calorigenic effect 
on tissue slices for several hours; and (d) 
th^TO-xin polypeptide promotes a distinct 
stimulation of the basal metabolic rate 
whether given orally or intravenouslj’’,^® 
it is possible that thjToxin exerts most of 
its calorigenic action in the form of a 
peptide. If th;\Toxin polypeptide is the 
active form of the thjToid hormone, it 
may be asked where is the site of conjuga- 
tion when thjToxin is administered to a 
thjToidless indiridual. Apparently the 
liver possesses this capacity; whether 
there are other sites is not known. Thyro- 
tropin caused no activation of thjToxin. 

It is of especial interest that some of 
the common inhibitors of respiratory en- 
zymes, when given to intact animals, did 
not produce a lowering of the basal 
metabolic rate, but promoted hypermetab- 
olism. Since the same compounds, when 
added to slices of tissues, caused a pro- 
nounced inhibition of oxygen consumption, 
it seems reasonable to conclude that with 
the dosages used there was a variation in 
the response of the tissues, the inefBciency 
in function of some tissues leading to 
hyperfunction of others. The situation 
might be compared to animals with mark- 
ed thiamine deficiency in which the QO 2 
of certain tissues is reduced, but the basal 
metabolic rate is increased. These ob- 
servations raise the question, which has 
often been considered in the past, as to 
whether hj’perthjToidism is a compensa- 
tory reaction to an altered metabolic state 
in the tissues.®’® 

Summary. Studies were made of the 
effects of thjTroglobulin, thjTOxin and 
thiTotropin on the o.xygen consumption 
of tissues of rats, guinea pigs and patients 
with alterations in thyroid function. 
Investigations of the effects on these 
tissues of senim of normal subjects and 
of patients with th%Totoxicosis, myxedema 
or Simmonds’ disease were also made. 
Studies of the effects of common respira- 
tory enzvTnc inhibitors were made in nor- 
mal and h\-pcrth%Toid animals. 
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Although thyroglobulin usually caused higher QO2 was obtained than when 
a prompt increase in QO2 when added to Ringer’s phosphate-glucose solution was 
slices of tissue, thyroxin rarely had any used. There was ho essential difference 
such effect, either alone or in conjunction in the QO2 of heart or liver tissues whether 

with thyrotropin. In a few instances, the serum used was from a normal, thjTO- 

when thyroxin was incubated with liver toxic, myxedematous or panhypopituitary 
slices and serum for 1 or 2 days and then individual. 

the solution was added to fresh tissue, a "VMiether slices of muscle of myxedema- 

distinct increase in QO2 resulted. The tous patients were incubated with sera of 
fact that other similar experiments demon- normal, thyrotoxic or myxedematous sub- 
strated no effect with thyroxin suggested jects, the QO2 values were essentially the 
that the same medium might activate and same. 

inactivate thyroxin. The sodium salts of cyanide, fluoride. 

In 1 series of experiments thjYoxin was azide, malonate and iodoacetate, adminis- 
injected, intravenously, into 3 patients tered to rats for several days, caused an 
with myxedema and 4 specimens of serum increase in the basal metabolic rate and 
were obtained during the next 12 hours, an inhibition of growth. The QO2 values 
In each patient the serum acquired the of liver slices were increased in most 
capacity to increase the QO2 of slices of instances, but decreased in a few. How- 
guinea pig liver. The maximal effect was ever, each of the compounds, when added 
obtained about 6 hours after the injection to Warburg respirometers containing slices 
of thyroxin and thereafter it tended to of liver, heart or diaphragm from normal 
disappear. Thyrotropin was not found or hyperthjToid animals, caused a distinct 
to increase the QO2 of slices of liver, decrease in QO2. 

heart, diaphragm or thyroid. IMien Further studies on the site and mechan- 
serum of a normal man or horse was used ism of action of the thjToid hormone are 
as a substrate with slices of tissue a in progress. 

The authors are very grateful for tlic aid given by Dr. Howard Herbert Jaffe, Miss Dorothy Carrol 
and Miss Gloria Kay. 
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During the past 20 years there have 
been many changes in view’poi'nt nith re- 
gard to the therapy of peptic ulcer by 
surgical means. The most common opera- 
tions performed j'ears ago for the treat- 
ment of duodenal ulcer were simple gastro- 
enterostomy and pyloroplasty. In the 
early 30’s an increasing number of partial 
gastrectomies tvere performed, and until 
recent years partial gastrectomj” has been 
the operation of choice for the treatment 
of duodenal ulcer. The transition in popu- 
larity from gastro-cnterostomy to partial 
gastrectomy vas due primarily to the high 
incidence of gastrojejunal ulcers following 
gastro-cnterostomy. The removal of a 
fair portion of the acid-producing area of 
the stomach tended to reduce tlie number 
of jejuna! ulcers, and while the incidence 
is lower following adequate partial gas- 
trectomy, this latter procedure is not 
insurance against their occurrence. Jlany 
have objected to partial gastrectomy on 
the basis that it is a mutilating operation 
wliicb sacrifices a considerable amount of 
the stomach. 


In 1943 Dragstedt and his associates*® 
performed bilateral resection of the vagus 
nerves as a means of decreasing the excess 
secretion of acid seen in ulcer patients. 
Since practically all methods of treatment 
of duodenal ulcer are based on control of 
acid in the stomach or its diversion from 
the duodenum, resection of the vagus 
nerves has been received with enthusiasm, 
not only because it is well known that 
stimulation of the vagus nerv'e increases 
acidity in the stomach and resection of 
these nerves causes a decrease in acid 
secretion, but also because of the simplic- 
ity of the procedure. As might be ex- 
pected, bilateral resection of the vagus 
nerve below the lower border of the bifur- 
cation of the trachea is not a new pro- 
cedure. This operation has been fre- 
quently proposed and there is a record 
of the operation haring been performed 
in 1911.*'’ Since this time the operation 
has been performed for gastric crisis as well 
as for peptic ulcer, but as a metliod of 
therapy for either disease the operation 
was discontinued. E.Tperimcntal work has 
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been carried on in relation to the effect of 
the vagus on gastric acidity since 1904.^^ 
In 1900 Jaboulay®® extirpated the celiac 
plexus and MingazzinF divided the pos- 
terior nerve roots intradurally for relief 
of gastric crises in tabes dorsalis. The 
object of this operation was the control 
of pain. It was not until Foerster®^ devel- 
oped a procedure similar to Mingazzini’s 
that Exner, in 1911,®® attempted to sim- 
plify the Foerster operation, by dividing 
the vagi subdiaphragmatically in a manner 
almost identical to the Dragstedt^® pro- 
cedure of today. He noted atony of the 
stomach and performed a gastrostomy 
over a tube passed through the pylorus 
into the duodenum to correct this condi- 
tion. Later he performed a gastro-enter- 
ostomy in addition to the vagotomy. 
Bircher, in 1920,'^ reported favorably on 
vagotomy, but his indication for the opera- 
tion, like Exner’s, seemed to have been 
tabes or any “obscure gastropathy” as 
only 1 of his cases had ulcer. Latarjet*® 
first reported on this proceditre in 1922. 
He sectioned the vagal filaments in the 
abdomen after the main trunks had divid- 
ed and applied the procedure to tabes, 
peptic ulcer and “obscure gastropathy.” 
He makes tlie same claims for the pro- 
cedure as are made today. He felt it was 
indicated in cases of peptic ulcer -without 
obstruction arid in more than half of his 
cases he added gastro-enterostomy. He 
remarked that following the operation 
alimentation was normal, the patients 
gained weight, had an immediate sense of 
well-being, and considered themselves 
cured. In all, Latarjet,^® Wertheimer, 
PaucheF® and Gianolla®^ reported 59 cases, 
in IS of wiiieh they had done vagotomy 
alone. Giordano,®® Stierlin®® and undoubt- 
edly others have also used the procedure 
but the record of their work is not now 
accessible. 

Borchcrs,® in 1921, and Koennecke,®' in 
1922, reviewed the work on vagotomy for 
the preceding 11 years. Although they 
accepted the seemingly favorable results 
obtained, they objected to the operation 
on the tlicoretical basis that cutting the 


nerve supply to the stomach, gall bladder, 
small bow'el and half of the colon for dis- 
ease of the stomach and first part of the 
duodenum was not justified. 

Laignel-Lavastine®® reviewed the litera- 
ture in 1924 and commented favorably 
on the future of vagotomy, and Eiselberg,*® 
in 1925, predicted that the more radical 
procedure of gastrectomy would some day 
be replaced by vagotomy. 

Schiassi,®® in 1925, reporting on 26 cases 
of duodenal ulcer, had done vagotomy 
alone in 11 cases, and vagotomy plus gas- 
tro-enterostomy in 15 cases. He did the 
Latarjet procedure which consisted of divi- 
sion of the vagus nerves below' the dia- 
phragm and added to it an incision wdiich 
circumcised the outer layers of the gastric 
wall at about the junction of the proximal 
and middle thirds. He seemed enthusias- 
tic about this procedure also. Fieri,®® in 
1932, reported 14 cases in w'hich infradia- 
pliragmatic vagotomy w'as performed. He 
described sectioning both main trunks 
beneath the diaphragm for peptic ulcer. 
At the time of his report he had done 6 
vagotomies without gastro-enterostomy 
and stated that he doubted the necessity 
for the latter procedure. 

We are unable to find any record of an 
unfavorable report concerning this opera- 
tion. Fieri®® has reported that secretion 
and motility in some of his cases returned 
to normal within a matter of months, but 
he does not offer the results of these stud- 
ies as argument against the procedure. 
We could find no report of a recurrent 
ulcer following vagus resection. We might 
suppose that knowledge of the operation 
was not widespread, as Fieri in 1932 credits 
only Exner and Giordano with ha\ing 
pre\iously performed bilateral vagotomy. 

At about this time, however, the pro- 
cedure of gastro-enterostomy and pyloro- 
plasty were being superseded by gastrec- 
tomy and the surgical attention seems 
from 1920 on to have been focused on this 
operation with its many variations to the 
pclusion of vagotomy. Even those who 
in that d.ay considered gastrectomy a “mu- 
tilating, unphysiologic procedure” were 
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not raising their voices in defense of vagot- 
omj’’ and the operation received no men- 
tion in standard surgical textbooks of the 
time. 

C. H. Mayo,^ in 1928, did several selec- 
tive vagotomies e\ddently for the lesion 
of pylorospasm. He sectioned the gastro- 
hepatic omentum above the distal stomach 
and proximal duodenum and in that way 
deprived these tissues of their vagal supply. 

It is to be pointed out in consideration 
•of the older attempts at vagotomy, that 
the tjT)e of operation was quite varied and 
in most instances there is doubt that the 
entire vagus innervation of the stomach 
was resected. Surely attempts at resection 
of filaments on or within the stomach wall 
cannot be considered as complete vagot- 
omy since in some instances the resection 
was performed in the mid-portion of the 
stomach and did not resect the nerve high 
enough to cause much effect upon acid 
secretion. There is but 1 report which 
appears to us to have approached the 
problem in a manner which might be con- 
sidered as adequate. Pieri^ performed 
subdiaphragmatic vagotomy by exposing 
the lower end of the esophagus and sec- 
tioning the 2 main vagal trunks. This 
procedure appears to be similar and just 
as complete as that done today. There 
is no question that the basic concept was 
that resection of the vagus ner\'e might 
vary the course of a peptic ulcer. How- 
ever, there is no doubt that the effects of 
vagotomy were not clearly understood 
until the careful work of Dragstedt and 
his associates’® in 1943. 

Since atropine, which has had an im- 
portant and time-honored place in the 
treatment of peptic ulcer, acts by paralyz- 
ing the vagal end-organ, one might say 
that there has been a wealth of clinical 
experience with vagotomy. Eokitansky,““ 
in 1S41, however, seems to have been the 
first to describe ulcer of the stomach as 
“due to morbid condition of the vagus and 
to the extreme acidification of the gastric 
juice.” This idea has been e.xprcssed many 
times since by Arndt,’ Beneke,® Hart,=* 
Hoffman,” Roesolc,“ von Winiwarter,®* 


and others. Some of the opinions or stud- 
ies have been made on the basis of observ- 
ed association betsveen cerebral neoplasm 
or birth injury to cerebrum, on the one 
hand, and ulceration of the stomach or 
melena neonatorum, on the other. Wilks,” 
in 1889, in questioning the role of the 
vagus, stated that ulcer of the stomach 
could be considered neurotrophic just as 
we have neurotrophic corneal ulcer, and 
von Bergmann,® in 1913, emphasized that 
the parasympathetic system is disordered 
in ulcer; that these patients respond more 
readily to pilocarpine; and that the long- 
continued use of atropine vtII therefore 
either cure or ameliorate the disease. 

Cushing,’® in 1932, again advanced the 
theory’- of the neurogenic origin of peptic 
ulcer. He makes the interesting point 
that only man of all animals develops ulcer 
spontaneously and that the incidence of 
the disease is increasing with the increas- 
ing stress of modem living. TMs coinci- 
dence is striking in itself; but, as evidence 
of central nervous system involvement in 
peptic ulcer, he reported his unusual ex- 
perience of having 3 patients die in the 
immediate postoperative period of per- 
forated peptic ulcer following the removal 
of cerebellar tumors during wlrich there 
had been long-continued use of electro- 
desiccation. Also, in autopsj* material, he 
had noticed ulceration of the gastric 
mucosa in 2 cases of cerebral tumors in 
other locations. There were 2 cases of 
malignant h;^’pertension which had gastric 
ulceration, in 1 of which death was due to 
perforation of the ulcer. He reported a 
case of duodenal ulcer in a 9 year old 
female child who had had a cerebral tumor 
removed and subsequent deep Roentgen 
ray therapy. One amazing instance was 
that of a patient with sj-mptoms of cere- 
bellar tumor who was treated by deep 
Roentgen ray therapy with relief of sjunp- 
toms. He returned later with recurrence 
of cerebellar symptoms and duodenal ulcer. 
On resuming Roentgen ray therapy, tlie 
symptoms of both lesions disappeared. 
This entire sequence of events was repeat- 
ed again when the patient for a second 
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time was admitted with symptoms of both 
lesions. 

Very recently Strassman®^ studied the 
relation of acute mucosal hemorrhages 
and ulcers of the gastro-intestinal tract to 
intracranial lesions in a large number of 
autopsies. He reports that in 26 cases of 
acute hemorrhagic ulcerations and 30 cases 
of softenings and perforation of the esopha- 
gus, stomach and duodenum, all but 2 
were associated with intracranial lesions.. 

In 1942, Wolf and Wolff^^ studied a 
patient with a clwonic gastric fistula and 
observed that in situations involving 
anxiety, hostility and resentment there 
was a “profound and prolonged hypere- 
mia, hypermotility and hypersecretion.” 

Thornton, Storer and Dragstedt®® stud- 
ied the night secretion of several groups 
of patients with the following results; 


They have shown that caffeine and hista- 
mine stimulation, acting on the peripheral 
neuroglandular mechanism of the stomach, 
have a pharmacologic action not altered 
by vagotomy. 

Moore, Chapman, Schulz and Jones®® 
make the point that the efficacy of atro- 
pine in the treatment of peptic ulcer has 
been due to the fact that it alters the per- 
meability of the cell to acetylcholine, thus 
blocking parasympathetic impulses at the 
end-organ. With bilateral vagotomy, then, 
one has a complete and permanent atro- 
pinization of the area. They showed with 
barium an increase in initial emptying 
time of the stomach of from Tj- to 15 to 
20 minutes; and an increase in complete 
emptying time of the stomach of from 2 
to 2f to 12 to 24 hours. They showed a 
lessening of peristaltic activity and of 


No. oases 

TiTie of C.T8C 

Average 32 hour 
night secretion, 
cc. 

Free acidity in 
clinical units 

9 

Carcinoma of stomach 

. . 261 

0-21 

5 

Carcinoma of colon 

. . 23S 

0-18 

C 

Gall bladder disease 

. . 385 

0-13 

10 

Peptic ulcer 

. . S21 

47* 


* Average clinical units. 


In the duodenal ulcer group, the values 
after vagotomy dropped to an average 
night secretion of 385 cc. with free acid 
values of 0 to 13 clinical units. They 
regard these as truly impressive data and 
feel that since the patients were asleep 
and therefore not subject to stimulation 
by food or psychic factors, the night vol- 
ume must be due to abnormally great 
secretory tonus in the vagus nerves. 

Dragstedt and his associates have shown 
that the stimulation of gastric secretion 
by insulin hypoglycemia, as described by 
Hollander,®® dependent as it is upon cen- 
tral nervous system stimulation, is abol- 
ished by vagotomy. They studied, during 
sleep, gastric tonicity and hunger contrac- 
tions of the stomach by means of a balloon 
attached to a jMiller-Abbott tube; and, 
while there is increased tonus and in- 
creased frequency and amplitude of hunger 
contractions in peptic ulcer, there was 
a definite decrcjrse following vagotomy. 


large gastric contractions, but no change 
in gall bladder empt^ung time. They 
studied sensation in the lower esophagus 
and stomach to balloon distention but 
found no change. Dragstedt*® has, shortly 
after vagotomy and while the patient feels 
entirely well, surreptitiously introduced 
weak solutions of hydrochloric acid into 
the stomach and reproduced ulcer pain. 
These 2 facts indicate that sensory fibers 
to the stomach do not travel in the vagi. 

An interesting experience of Moore^® 
was reported in 1946. He did vagotomy 
on a patient who had had a gastric resec- 
tion without removal of the antrum. Fol- 
lowing vagotomy, the patient was not 
clinically well, but became so when his 
side-tracked antrum was later removed. 
This is significant in that it tends to con- 
firm Edkiiris'® Avork on gastric hormone 
and the considerable clinical experience 
Arith recurrent difficulties when the antrum 
is retained. According to Babldn- there 
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is a triple mechanism for gastric secretion. 
The first chemical, induced by such sub- 
stances as liistamine and alcohol; a second 
hormonal, and a third or psychic one 
which is the only mechanism interfered 
with by vagotomy. The symptom com- 
plex of peptic ulcer folloning section of 
both vagi may be explained on either a 
chemical or hormonal basis. 

Dragstedt*® has pointed out that Carl- 
son has proved a continuous basal secre- 
tion of gastric juice. This basal secretion 
is augmented by the taste, sight and odor 
of food. Section of the vagus nerves does 
not entirely eliminate gastric secretion as 
this can still be stimulated by the presence 
of food within the stomach and the libera- 
tion of gastric hormone; also, the chemical 
phase of gastric secretion is not altered 
as histamine and caffeine act indepen- 
dently of the nerve mechanism. 

There is a wealth of experimental work 
in support of the r61e of the vagus nerve 
in peptic ulcer. Schiff,®'' in 1867, Brown- 
Sequard,® in 1875, and Ebstein,*'^ in 1874, 
have shown ulceration of gastric or duo- 
denal mucosa to follow central nervous 
system stimulation by either cauterization 
or clrromic acid injection, von Preuschen®® 
and Pomorskl^ confirmed these findings. 
Mogilnitzky,^® in 1925, and Burdenko,'® 
in 1926, have shown the production of 
chronic ulceration of gastric or duodenal 
mucosa due to central nervous system 
stimulation, and this work has been con- 
firmed by Keller^ in this country. 

W'estphal,®® in 1926, produced ulcers in 
cats, rabbits, dogs and guinea pigs by the 
subcutaneous injection of pilocarpine. 
Light, Bishop and Kendall” have shown 
that very small amounts of pituitrin or 
pilocarpine injected intraventricularly will 
produee ulcers of the stomach and duo- 
denum. Beattie® has shown that electrical 
stimulation of the central neiA'ous system 
will produce vagal stimulation and ulcera- 
tion of the mucosa of the stomach or duo- 
denum which will be abolished by vagal 
section. Kcppich,®’ in 1921, and Stalinke,” 
in 1924, reported the production of typical 
peptic ulceration by continuous electrical 


stimulation of the vagus nerves. There 
was hypermotility, hypersecretion and ul- 
timate erosion of the mucous membrane. 

The vagal nerve supply to the stomach 
has been bilaterally sectioned in animals 
by many workers. Donati," in 1904, sec- 
tioned both vagi and reported no ulcera- 
tion of the mucosa. This was repeated by 
Lichtenbelri® in 1912, Greggio^'in 1917 and 
Koennecke®' in 1922. Beazell and Ivy,® 
in 1936, used bilateral vagal section in 
rabbits to study the effect of trauma in 
ulcer production since vagotomy produces 
stasis. In 1915 Chiari" produced chemical 
block of the vagi with atropine and re- 
ported diminished gastric secretion and 
marked suppression of hydrochloric acid 
secretion. 

Prom 1919 to 1922, Latarjeri® did e.x- 
perimental work on animals in which he 
denervated the stomach of its vagal fila- 
ments and found that there were no harm- 
ful effects on the animals and that gastric 
motility was still present. There was, 
however, definite hypotonicity, delay in 
emptying and dilatation. He found that 
for 3 years this state of affairs continued. 
He noted that such a dog (post-vagotomy) 
required 7 hours to empty his stomach, 
whereas only 2 were required before. In 
this animal, there was also diminished 
hydrochloric acid secretion and no trophic 
lesions. 

In 1929, Hartzelff® sectioned the vagus 
nerve in dogs both intra-abdominally and 
transthoracically. He found a marked re- 
duction in both the free and total acid, 
and noted that incomplete section of the 
vagus nerves caused little or no postopera- 
tive secretory change. Vanzant,®* in 1932, 
reported further studies on these same 
dogs. Their gastric acidity had returned 
to normal and reexamination of the opera- 
tive sites in 3 dogs showed that the nerves 
had not regenerated. There was still a 
slight delay in emptj-ing and a slightly 
subnormal response to histamine. Pien 
and Lapenna” showed the same changes 
in the human being. 

In 1931, Beaver and Mann,^ working 
with the jMann-Williamson preparation in 
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dogs reported failure of the usual peptic 
ulcer formation when vagotomy was done. 
The rate of occurrence in a sympathecto- 
mized group was the same as in the control 
group. 

Shapiro and Berg,®® in 1932, created 
Pavlow pouches and did gastrojejunosto- 
mies in a series of dogs. Before vagotomy 
the acid in the pouch showed 100 to 120 
clinical units, and after vagotomy only 40 
to 50. The main gastric values ranged 
from 85 to 100 clinical units and fell to 
40 to 50 units after vagotomy. There 
was also marked skin irritation around the 
pouch opening before vagotomy, which 
cleared after vagotomy. In 4 to 5 weeks, 
however, the acid values returned to nor- 
mal and the skin irritation from the pouch 
discharge returned. 

One may say now that for those cases 
of peptic ulcer in which the psychic phase 
of gastric secretion is greatly increased 
(due to central nervous system disturb- 
ance brought to bear on the gastric glands 
through the intermediary of the vagus 
nerve) section of the vagi is rational. 
Hyperemia of the mucosa seems to be 
associated with hypersecretion. There is 
evidence, both clinical and experimental, 
that section of the vagi at the esophageal 
plexus and distally does no harm, within 
short subsequent periods of time at least; 
but there is considerable e\ddence that 
the resulting hypoacidity and h^^pomotilify 
may not be permanent. 

Fulton," in his discussion of the vagus 
nerve, describes the sjmaptic junctions in 
the wall of the stomach in the ganglia of 
the myenteric and submucosal plexuses. 
He states that the parasympathetic activ- 
ity ])romotes digestion and aids in the 
passage of food through the gut, When 
stimulated, peristalsis is increased, the 
sphincters relaxed, and the production of 
gastric juices including salivary and pan- 
creatic are stimulated. Digestion, how- 
ever, can proceed adequately following 
bilateral section of the vagi at the level 
of the diaphragm, and bilateral section of 
the splanchnic nerves. The prooperative 


level of tonus and peristaltic activity is 
soon reestablished. 

The anatomy of the vagus nerves is not 
so well established. According to Gray , 2 ® 
the vagus nerve, which has the most ex- 
tensive course and distribution of an}^ of 
the cranial nerves, contains somatic, 
motor and sensory fibers and parasym- 
pathetic efferent fibers. On the distal end 
of the esophagus, the vagi form a plexus, 
tend to reform into 2 main trunks and, 
passing through the diaphragm, break up 
into small filaments along the lesser curva- 
ture. We may schematically represent 
this as in Figure 1.®® It is the parasym- 
pathetic efferent fibers, arising from the 
dorsal nucleus of the vagus, which princi- 
pally concern us. These are preganglionic 
fibers to the thoracic and abdominal vis- 
cera. They end in small ganglia in or 
near the organ and postganglionic fibers 
carry the impulse to the end-organ. In 
the abdomen, the effects of the parasym- 
pathetic fibers to the stomach and small 
intestine are augmentory ; the sympathetic 
inhibitory. The removal of the effects of 
1 set of fibers, as by section, results as a 
rule in the effects of the other set seeming 
more prominent. This indicates that each 
type of fiber exerts a constant or tonic 
action and suggests that the 2 effects are 
delicately balanced one against the other. 

Walters, Bradley, Small and Wilson®® 
made dissections in more than 100 autopsy 
cases. They found that while the vagi do, 
in varying patterns, tend to form 2 main 
trunks on the lower esophagus, in 8% of 
the cases the fibers took such a course 
that it would have been very difficult to 
completely section them below the dia- 
phragm. Miller and Daws'®® studied the 
vagus nerves in autopsy specimens and 
concluded that the variations in the course 
of the fibers are such that section should 
be done transthoracically. 

Jackson^ in a study of the vagus in 26 
cada\-ers showed the varied courses of the 
vagus both on the lower esophagus and on 
the stomach itself. He also reports a 
clinical application of this knowledge in 
that the branch from the posterior vagus 
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vrhich goes to the celiac plexus may be 
preserved by lea-vdng the main trunk and 
the celiac division intact and di\ading the 
remaining segments of the gastric branches 
of the posterior nerve alone. This he calls 
"selective vagal resection,” Dragstedt^^ 
has noted fibers traveling in the wall of 
the esophagus itself. 


Since 1943, when Dragstedt*® first re- 
ported on this procedure, the clinical 
literature on vagotomy is fast growing. 
His performance of this operation was 
preceded by many years of work on gastric 
physiology and in his reports on this pro- 
cedure he has at some length given his 
reasons for considering this a rational 


FUNCTIONAL COMPONENTS OF THE VAGUS NERVE 

( GARDNER > 



Fic. I. — Functional components of the vaRus nerve. 


T\’e are now in the process of studjang 
the e.xact degree of variation of the course 
of the vagus through the posterior medi- 
astinum and shall report on this later. In 
the operation of vagotomy, an attempt is 
made to section completely nerves, the 
anatomy of which is not constant, and in 
so doing wc of necessity disturb an existing 
delicate balance of nervous control of the 
gastro-intestinal tract by the sympathetic 
and parasympathetic nen-otis system. 


procedure. His first 40 cases were done 
by the transthoracic route which he aban- 
doned because of complaint of pain along 
the course of the affected intercostal nerve. 
This wc liave noted in our series and shall 
comment on it later. Moore, Chapman, 
Schulz and Joncs^’ have also reported on 
50 cases done by the transthoracic route. 
Crimson rt a!.-’* have reported on 40 cases 
done transtlioracically. 

Our first 1.5 c.'uscs were done transthorac- 
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ically for the following reasons. The 
procedure was suggested only in proven 
cases of duodenal ulcer or post-gastrec- 
tomy complications in which we felt noth- 
ing would be gained by seeing the lesions. 
All had the typical peptic ulcer syndrome 
with definite Roentgen ray findings and 
high free acid so that we felt the diagnosis 
was well established. They represented 
medical failures or surgical failures in both 
cooperative and uncooperative patients. 
Further, we not only felt that complete 
resection of the vagus nerve could be more 
easily accomplished transthoracically, but 
we were interested in the appraisal of 
vagotomy alone as a method of treatment, 
and felt that appraisal of its efficiency 
when combined with gastro-enterostoray 
might be misleading. 

The advantages of transthoracic vagot- 
omy are the ease with which the vagus 
can be sectioned and the fact that it may 
be employed shortly after acute perfora- 
tion. We feel that complete section, 
which is important, is more nearlj’- pos- 
sible in every case by this route. The 
disadvantage is that the lesion is not seen 
unless one opens the diaphragm, which 
we have not done, but which has been done 
by Moore^° routinely in at least his first 
12 cases. It offers decided disadvantages 
if it is advisable to see or feel the lesion 
and would not be employed by choice if one 
were confronted with the necessity of also 
doing gastro-enterostoray for obstruction. 
We have, however, used transthoracic 
vagotomy only for those cases of peptic 
ulcer in which the diagnosis liad been 
established by repeated Roentgen ray 
examination and substantiated by inci- 
dents of previous hemorrhage, perforation 
or obstruction. In most cases we felt we 
would learn no more about the patient by 
examination of the ulcer in situ. 

In our hands section of the vagus is 
easier transthoracically and offers better 
opportunity for complete section, and we 
reserve the abdominal route for those 
unusual cases in wliich there is question 
of obstruction or associated pathology. 

Dragstedt has reported on another 100 


cases done by the transabdominal route, 
and Walters et al.^^ also have reported on 
large series of cases done bj’- the subdia- 
plmagmatic approach. Crile^* has recently 
reported 77 cases done by the subdia- 
phragmatic route. Undoubtedly there 
will in a few more years be reports of 
much larger series done by botli methods 
and with longer periods of postoperative 
observation. 

We have done abdominal vagotomj’- in 
7 cases. Four gastro-enterostoraies were 
done in these cases, but in retrospect we 
think 2 were not necessary. 

The indications as described for vagot- 
omy are similar in all recent reports. It 
is being done primarily for duodenal ulcer 
for which medical management has failed, 
so that the patient either continues to 
have his symptom complex or during 
course of active treatment has developed 
such complications as hemorrhage, ob- 
struction or perforation. Secondly, it is 
being done for surgical failures such as 
jejunal ulcer following either gastro-enter- 
ostomy or gastric resection. A few cases 
of vagotomy have been reported for 
gastric ulcer, but these have been done 
for very particular reasons. Of our 32 
cases tlie ulcer was duodenal in 27 cases, 
gastric in 2 cases, jejunal in 4 cases and 

1 case had gastro-jejunocolic fistula. The 
duration of the peptic ulcer sjmdrome in 
these cases ^^aried from 1 month to 24 
years, and the average was S years. The 

2 cases of gastric ulcer were admitted to 
the hospital for acute perforation, which 
at time of gastrorrhaphy presented no 
unusual findings and had pathologic con- 
firmation of ulcer by biopsy. Their trans- 
thoracic vagotomies were done 9 and 17 
days following the gastrorrhaphies. These 
cases were done too recently for comment, 
but they are being followed very closely. 
We feel that 1 perforation of duodenal 
ulcer is sufficient reason for vagotomy and 
where there is no obstniction following 
simple repair, we proceed during the next 
week or 2 to do a transthoracic vagotomy 
and then discharge the patient to the 
follow-up clinic. 
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It was necessary in all cases to treat 
postoperative gastric atony rather \'igor- 
ously, but in only 1 case did we feel gastro- 
enterostomy might be advisable, and that 
patient refused operation. In all cases 
we have kept the patients on intermittent 
^gastric suction for from 2 to 10 days; 
intermittent, as we at the same time in- 
sisted upon early ambulation. We have 
used tetra-ethyl ammonium bromide in 
2 cases. This should relax the pyloric 
sphincter if the obstruction is due to an 
imbalance of nervous control. We felt 
that the drug was of benefit in 1 case. 
In the second case, we could see no effect 
on the pylorus under fluoroscopy and dis- 
continued the drug. 

It has seemed strange to us that other 
chest procedures in which thoracotomy in- 
cisions are used cause so very much less 
intercostal pain than does vagotomy; and 
this fact must be related to the nervous 
disposition of the ulcer patient. We have 
had less complaint than has been re- 
ported in other series, possibly due to our 
e.xtensive use of intercostal block, but it 
can always be elicited by question. In 
our later cases we have either crushed or 
sectioned the intercostal nerve and feel 
that this is a good procedure. 

We have also employed intercostal block 
on the left from the sixth to the tenth ribs 
very freely, using about 5 cm. of 1% 
novocaine to each nerve, and repeating 
the injection as symptoms dictated, some- 
times as often as every 5 hours for 2 to 
5 days. Such nerve blocks allow earlier 
return to full function of tlie left chest. 

The 1 case which we felt had become 
obstructed left the hospital on the 5th 
postoperative day and was not seen again 
for S weeks. We fed that his obstruction 
was organic only on the basis of long-con- 
tinued gastric dilatation and tliat this 
could have 1>een prevented by closer ob- 
scr\-ation and decompression. We verj' 
seriously doubt the necessity for subject- 
ing the patient to the added hazard of 
pastnventerostomy in any ca.se which does 
not have pre vagotomy obstruction. Sev- 
eral of our cases have had Roentgen ray 


diagnosis of grossly deformed duodenal 
bulbs, but still have had no more than 
ordinary postoperative difficulty. 

Very little mention has been made in 
the recent literature concerm'ng anesthe- 
sia for vagotomy. Transthoracic section 
should not be attempted without excel- 
lent anesthetic supervision. With proper 
anesthesia the operation is technically 
easier to perform transthoracically than 
abdominally. We have had no fear of 
vago-vagal reflex since our Anesthesia Staff 
feels that it seldom, if ever, happens under 
ether anesthesia.®^ We have used no pre- 
cautions concerning injection of the nerve 
before section; nor have we transplanted 
and flxed the proximal end to the pleura 
after section as Moore and Dragstedt have 
done; nor have we attempted to repleu- 
ralize the esophageal bed. This simplifies 
the operation to the point where one maj' 
expose through the left pleural sac from 
2 to 4 inches of the esophagus under con- 
trolled respiration anesthesia (using ether 
as the anesthetic agent), and locate the 
vagus nerves and the lower portion of the 
esophageal ple.xus in order to do a com- 
plete section. 

Complete resection of both vagi is the 
essential of the operation. The gastric 
secretory glands must be made inaccess- 
ible to central nervous system influences. 
Hartzell’® has shown the necessity for this 
by pointing out that partial section does 
not give quantitative reduction of acid 
secretion. Vanzant®* has shovm return to 
normal acid secretion in dogs 2 years after 
section. Shapiro and Berg®® show an even 
more rapid return to normal in their ani- 
mals. Pieri“ has reported in his patients, 
in some of whom he had sectioned only 
the left vagus, that “following the opera- 
tion there was a lowering of the hydro- 
chloric acid and of pepsin, a lowering more 
conspicuous in the cases in which the sec- 
tion was bilateral, but that postoperatively 
the hydrochloric acid and pepsin rose pro- 
gressively and in some cases reached or 
surpassed the preoperative figures,” Ife 
thought this was to be understood on tlie 
basis of “the mechanism of functional 
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compensation, obscure but sure, that takes 
place in the vegetative nervous system.” 
Our series of cases is neither great enough 
nor the follow-up studies long enough for 
us to offer information on these points. 

White and Smithwick,’® commenting on 
this, think that the return of function 
could be due to (1) the high degree of 
automaticity of the digestive process so 
that it can be regulated by the intramural 
plexus, (2) the presence of mixed compo- 
nents of the splanchnic and vagal trunks, 
or (3) the fapt that preganglionic fibers 
have such an extraordinary power of 


lishment.as a worthwhile therapy on the 
European continent, we feel that return 
of some acid secretion post-vagotomy on 
the basis of automaticity was not the fac- 
tor, but incomplete section of the nerves 
instead. We have reproduced a chart from 
McCrae’s^® article in 1925 which roughly 
illustrates their operative attack upon the 
vagi (Fig. 2). Incomplete section is most 
likely to happen in the Latarjet procedure, 
less likely in the Exner or Dragstedt pro- 
cedures where the lower esophagus is well 
mobilized from below, but we feelj least 
likely to happen when 3 or 4 inches of the 
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Fio. 2.— Diagram illustrating earlier opcrath'o methods of performing vagotomy. 


regeneration. The second point does not 
explain failure of ulcer formation in periph- 
eral stimulation of the s^unpathetic nor 
the sharp contrast in results using the 
Mann-Williamson preparation in dogs 
witli and without sympathetic and vagal 
section. The third has been disproven 
by both Vanzant*^ and Dragstedt.^® The 
latter claims that the vagal tnmks do not 
regenerate even when immediately re- 
sutured. Tlie automaticity characteristic 
must explain the return of acid production 
to normal. 

If vagotoun' failed of successful estab- 


esophagus is e.xposed through the chest 
To explain the early good clinical results 
upon which the European surgeons based 
their enthusiasm, one need only postulate 
physiologic interruption in fibers which, 
though missed, were put on stretch or 
subjected to pressure as in blunt dissection, 
and then resumed their function weeks to 
months later. No clinical test of the 
completeness of section, such as the insulin 
hypoglycemia stimulation, would disclose 
the presence of such unsectioned but non- 
functioning fibers. We have not used this 
test in our recent postoperative cases' for 
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this reason, but feel that, if after 6 to 
12 months our patients should begin hav- 
ing chronic dyspepsia, the test would then 
apply. 

We have also used the night secretion 
test of Dragstedt^® as a test of hyperton- 
icity of the vagus. The test is open to 
2 inaccuracies in that an uncooperative 
patient may drink fluids or any patient 
may lose fluid through the pylorus. The 
test gives quite variable results if used in 
patients who have had gastro-enterostomy 
or resection. We have also noted that 
following vagotomy one may obtain a high 
night secretion (in 1 case 1200 cc.) and 
that one may also obtain free HCl readings 
of as high as 40° and still have a negative 
hj^poglycemic reaction. This we must 
explain on the basis of Babkin’s- theory of 
the triple phase of gastric secretion only 
one of which is interfered with by vagot- 
omy. It is then possible to have high 
acid secretion still on either the basis of 
chemical or hormonal stimulation. 

It is because of such discrepancies and 
the fact that the operation was once dis- 
continued that we feel such cautions as 
those of Lahcy®* Bpply' He compares our 
present-day enthusiasm for vagotomy 
with that once mistakenly exhibited for 
gastro-enterostomy and total thjToidec- 
tomy. He prefers vagotomy now for 
those cases in which gastro-enterostomy 
will not be necessary and for postsurgical 
complications, and in conjunction with 
subtotal gastrectomy for duodenal ulcer. 

We have had 1 recurrence of ulcer fol- 
lowing vagotomy. This patient had duo- 
denal ulcer for 10 years and was seen in 
the sanitorium where he was being treated 
for advanced bilateral pulmonary tuber- 
culosis. Only 1 routine gastric analysis 
was done prcopcrativcly and that showed 
high free IICl acid. A transthoracic vagot- 
omy w.as done following which, despite 
some difiiadty with gie^tric atony, he was 
.symptomatically well for IG £lay.«. He 
then had a n'currcnce of typical chronic 
dy.'i)ep;ia with cl)igastric pain which enn- 
timic<l in varA-ing severity for several 
montlis. Fin:dly them was an attack of 


very severe epigastric pain and some 
degree of vascular collapse, and he e.xpired 
48 hours later. Autopsy showed an ulcer 
on the lesser curvature bordering on the 
esophago-gastric junction with perfora- 
tion and generalized peritonitis. The 
duodenal ulcer was present but appeared 
inactive. It measured 3 cm. in greatest 
diameter, while the gastric ulcer was 2 cm. 
in diameter. Unfortunately there was 
such tissue destruction from infection and 
postmortem autolj'sis that examination of 
the lower esophagus for incqmplete section 
of the vagi was unsatisfactory. Since the 
surgeon felt he had done complete section, 
one can onlj' speculate on such factors as 
intramural fibers of the vagus or gastric 
ulcer on some basis other than neurogenic 
such as hormonal or chemical or histamine 
absorption from pulmonary tissue destruc- 
tion. 

Almost uniformly, however, our patients 
following this operation claim they are 
well. Their peptic ulcer symptom complex 
with which they were so familiar disap- 
peared, and none of them confused his 
difficulties of gastric atony with his pre- 
operative disease. They have gained 
weight on unrestricted diet and have in 
some cases resumed smoking and drink- 
ing — pleasures which had prev'iously been 
denied tiiem. 

IMoore,*’ in his recent edition of "Mod- 
ern Treatment of Syphilis,” says of this 
operation for gastric crisis in tabes dorsalis 
that more ex'pcriencc is “urgently desir- 
al)}e.” We feel that the same may be 
said of peptic ulcer of the duodenum and 
for postgastrectomy complications of pep- 
tic ulcer with the possible exception of 
those few cases in which there is retained 
antnim. 

The e.xperlcnce ^vith resection of the 
vagus nerve in the treatment of duodenal 
ulcer appears verA’ heartening indeed. 
However, it is of importance to point out 
that except for the freejuent sporadic use 
of this procedure in the past, the operation 
has actually l)ecn [K-rfomicfi only over 
the p.nst 4 years. When one rerncmlKrrs 
the plowing report.s from the use of gastro- 
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enterostomy for the treatment of duodenal 
ulcer, our inclination is to be cautious 
about final results. At this stage it is im- 
possible to state what the status of 
vagotomy will be 10 years from now. The 
results so far in our clinic have been im- 
pressive. If the procedure provides even 
temporary help to those individuals who 
have developed jejunal ulcers after what 
appears to have been an adequate gastrec- 
tomy, the operation will be a decided ad- 


vance providing no serious permanent 
sequelse result from the operation. We 
have noted nothing which would indicate 
that serious sequelae result. It has been 
well emphasized in many of the articles 
on vagotomy that this procedure should 
be carried out only after a very careful 
evaluation of the patient and the patient 
who had a vagotomy should have a very 
careful follow-up for evaluation of results. 
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Detbrjiination of the etiology of iritis, 
uveitis and choroiditis, especially of the 
clironic or recurrent type, is an almost 
daily problem which confronts the oph- 
thalmologist and his consultants. The 
clinical appearance of some of the lesions 
is sufficiently characteristic to warrant a 
presumptive diagnosis of the cause. In 
piany instances, however, the lesions are 
of non-specific type and clues to the etiol- 
ogy must be sought through the history 
of the patient, systemic examination and 
laboratory tests. And even if the clinical 
appearance is suggestive of a certain 
etiology, confirmatory findings are desir- 
able before a definite diagnosis is estab- 
lished. Unless extensive studies are car- 
ried out, which may at times seem almost 
too exhaustive, the cause of many cases 
will go undetermined. Examinations car- 
ried out by Woods and Guyton’^ included 
general physical examination, laboratory 
examinations of urine, hemocytology and 
blood chemistry, serologic tests for syph- 
ilis, intracutaneous tests for tuberculin 
sensitivity, roentgenologic examination of 
the chest, search for foci of infection, gono- 
coccus complement fixation tests, agglu- 
tination tests for i)nicellosis, biopsies of 
lym]>h glands, estimation of senim albu- 
min and globulin, roentgenograms of the 
hands and feet, specia bacteriologic ex- 
aminations, sensitivity studies, examina- 
tion of spinal fluid and neutralization tests 
for toxoplasma, and yet the cause remained 
undetermined in 22 of 200 cases. 


MINNESOTA 

Twenty-five or 30 years ago, focal infec- 
tion was quite generally accepted as the 
cause of those lesions of the uveal tract 
which could not be assigned definitely to 
syphilis, tuberculosis or bacterial metas- 
tasis in tbe course of an active infection. 
Even in the 1941 series of Guyton and 
Woods,® in which more complete studies 
were carried out, the cause was stated to 
be either syphilis, tuberculosis or focal 
infection in 86% of 562 cases. In the 
1943 series of Woods and' Guyton,*® this 
percentage had dropped to 61. The per- 
centage of cases assigned to focal infection 
had dropped from 26 in the 1941 series 
to 6 in the 1943 series. In the 1943 series, 
7.5% were attributed to sarcoidosis and 
7.5% to brucellosis as against 0.5% and 
0.4% in the 1941 series. 

It is well known that metastatic in- 
volvement of the uveal tract can occur in 
the course of streptococcic, staphylococ- 
cic, pneumococcic, meningococcic and 
other septicemias. It would be logical 
to assume that similar inflammations of 
the eye might occur in acute cases of 
Brucellosis when the organisms are present 
in the blood stream. This assumption 
seems to be supported by experimental 
and clinical evidence. Fabyan® stated, in 
1912, that, following intra-abdominal or 
subcutaneous inoculations, Bacillus ahor- 
ins caused lesions in guinea pigs of a 
practically constant and most remarkable 
character. The acute changes appeared 
usually betv'cen the 3rd and 6th week 
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after inoculation and continued over a 
period of 10 to 20 weeks accompanied by 
fever. The disease tended to final recov- 
ery; but the animal might die from rup- 
ture of the spleen or as the result of 
emaciation and exhaustion. Three of his 
animals developed blindness in 1 or both 
eyes as the result of opacitj' of the cornea. 
Histologically, the sclera, choroid and 
lacrimal glands of the diseased eyes 
showed areas of infiltration, chiefly of 
lymphoid elements. Some tj’pical tuber- 
cles were seen and also intracellular bacilli. 
Orloff,*- in 1928, reported on the histo- 
logic examination of the eyes of 19 guinea 
pigs that developed lesions of the cornea 
and lens during the course of IMalta fever. 
These animals were among a group of 200 
affected in an epidemic. Tlie eyes showed 
circumcomeal injection, clouding of the 
cornea, either centrally or in the form of 
a gray infiltrate fading out from the mar- 
gin to the center, hyperemia of the iris 
wth posterior sjmechire or with the pupil 
filled with grayish e.xudate. Histologically, 
the changes in the cornea varied from 
mild cellular infiltration with degeneration 
of the epithelium and endothelium to 
thick cellular infiltration with formation 
of new vessels resembling tlie lesions of 
syphilitic parenchymatous keratitis. Dif- 
fuse and focal infiltration with lymphoid 
and epithelioid cells and cndovasculitis 
and perivasculitis wjis found in the iris, 
the ciliary body and the anterior part of 
the choroid. These changes were most 
definite and extensive in the ciliary body. 
In the retina, degeneration of the ganglion 
cells and edema of the outer nuclear layer 
and of the layer of rods and cones were 
noted. Orloff tliought that the h-sions 
were produced partly through the action 
of toxins and partly by direct invjision by 
the organisms. In 1039, Burky, Tliomp- 
son and Zepp* prt'sented strong cridence 
that infi’ction with Ilni'-i-lla o//or/«.» is a 
cause of jK'riodic ojihthahnia in horses 
which is similar to n.curant endogenous 
uveitis in humans. In the cour-e of their 
exjK'riments, they demonstrated that 1 of 
the strains of bmcidla that they had re- 


covered would, on intravenous injection 
into rabbits or on direct inoculation into 
the eye, produce a generalized kcrato- 
uveitis similar clinically to severe tuber- 
culous lesions and resembling histologi- 
cally periodic ophthalmia in horses and 
chronic recurrent intraocular inflammation 
in humans. 

Most of the reports of ocular lesions 
occurring in association with brucellosis 
have dealt with cases in the acute phase 
of the disease. Thus, in 1939, Green® col- 
lected the reports of 23 authors (cases of 
Aurand, Aubaret and Roger, Villard and 
Pech, Bergraark, Bingel and Jacobstiel, 
Cannavo, Cohen Boulakia, Godwdn, Le- 
maire, Lundsgaard, Levy and Uzan, 
Aubaret and Guillot, Madievskaya, Roger, 
Villard and Viallefont and Temple, Rizzo, 
Mossa, De.Jong, iMcCullagh and Clodfeltcr, 
Rutherford, Carranza, Roger, and Sella). 
In all the cases, the brucellosis was in an 
acute or at most in a subacute phase. 
The optic nerves were involved in 14 
cases, in the form of optic neuritis in 9, 
in the form of choked disk in 4, and in 1 
of Rutherford’s cases, possibly as the 
result of subarachnoid hemorrhage rather 
than of the brucella infection itself. Men- 
ingitis was stated to be present in 4 of 
the cases with optic neuritis and in all 
of the cases with choked disks. Paralyses 
of ocular muscles were described in 6 in- 
stances, all with meningitis. Involvement 
of the uveal tract was reported in 7 cjises 
and of the retina in 1 case. Bniccllu 
organisms were cultured from the blood 
in 3 of the cases with uveitis and in the 
case with septic retinitis. In the discussion 
of Green’s jjaper, Snell” reported a case 
of central retinitis and Blake' the recur- 
rence of a dendritic ulcer of the cornea, 
whicli occurred in each instance during 
the active stage of bnicellosis. A study 
of these reports still leaves o]>en the ques- 
tion whether iritis, uveitis or choroiditis 
r;»n <leve!op as the result of brucellosis in 
its chronic or latent phase. 

Green'- reported at the .same time 4 
oririnal ca-o-. In 2 of the-e, the firtieella 
infection w:is in an acute pha.-e apjeirently. 
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One of these patients had central retino- 
choroiditis and the other optic neuritis. 
A third patient had, during the chronic 
or latent stage of brucellosis, recurrences 
of a phlyctenular keratoconiunctivitis, 
the first attack of which had occurred 
during the acute stage of the infection. 
In the fourth patient, who had active cen- 
tral choroiditis, there was no history of 
an acute illness and the diagnosis was 
based on a strongly positive reaction to a 
cutaneous test for Brucella abortus. In 
1943, Green’ presented a case of chronic 
progressive kerato-iritis which he believed 
to be due to chronic brucellosis. It was 
his opinion that adequate laboratory tests 
for brucellosis should be made routinely 
in every chronic inflammatory lesion of 
the uveal tract and that, if the diagnosis 
were established, prompt energetic treat- 
ment with a brucella vaccine might check 
the progress of the disease. Berens,^ on 
the other hand, was inclined to think that 
ocular brucellosis must be quite rare. He 
stated that skin tests ■with Brucella abortus 
antigen were made on 39 patients wth 
inflammatory lesions of the eye, mainly 
involvements of the uveal tract. A posi- 
tive reaction was obtained in only 1 pa- 
tient with uveitis. Agglutination tests 
for Brucella abortus were done on 43 pa- 
tients and for Brucella mcliicnsis on 5 
patients. iUl were negative. 

Reed and Goldfain'^ stated that ocular 
symptoms and signs may occur in an 
individual with chronic brucellosis. They 
reported 3 cases of recurrent iritis in all 
of which the skin tests were positive and 
agglutination tests were positive in dilu- 
tions of 1:200. They included in their 
report also a case of recurrent ulcer of the 
cornea in which the sldn test was positive 
but the agglutination negative. 

Harris® reported 3 cases of recurrent 
iritis and 1 case of recurrent keratitis which 
he attributed to brucellosis. One of the 
patients with iritis had run a low gnidc 
fever for 5 years. .\n agglutination test 
was negative, but the cutaneous reaction 
was po.ritivc and the ]>hagocytic index was 
low. Later, this patient developed incn- 
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ingo-encephalitis and died. Brucella had 
been isolated from the stool of another 
patient with iritis 1 year before observa- 
tion. At the time of observation, an 
agglutination test was negative but an 
intradermal test with brucella antigen was 
strongly positive and focal reactions oc- 
curred in the choroid after the intradermal 
test and after the subcutaneous injection 
of 0.1 cc. of mixed brucella filtrate. A 
woman had had recurrent keratoconjunc- 
tivitis for 4 years. An agglutination test 
%vas negative, but the cutaneous reaction 
was positive and the phagocytic index was 
low. Clinical recovery was complete after 
4 months treatment with Brucella ahorhis 
vaccine. The phagocytie index was high 
and there was no recurrence during an 
18 month period of observation. In a 
case of uveitis reported by Agin,’ the 
diagnosis of brucellosis was based on a 
strongly positive skin test. In spite of 
vaccine therapy, the uveitis terminated 
in phthisis bulbi. The eye was enucleated, 
but the results of histologic examinat'on 
were not available at the time of the 
report. 

Jones and Norris’® reported 1 case of 
acute uveitis and 1 of conjunctivitis occur- 
ring in indi\uduals who had positive skin 
tests for brucellosis. They mentioned also 
some interesting observations, the inter- 
pretation of which is not quite clear. 
They mapped the tangent screen fields of 
111 persons some of whom had visual 
complaints, some of whom had only 
physical complaints, and some of whom 
were included in a routine study of indi- 
xdduals who came in contact ■with certain 
chemicals. Ninety-two (81.4%) of these 
individuals showed -widening of the nor- 
mal angioscotomas (Evans). Of the 92, 
75 (SI. 5%) gave positive skin reactions 
indicative of brucellosis. Of 19 persons 
in whom the angioscotomas were of nor- 
mal width, only 3 (15.7 %) gave similar 
positive skin reactions. 

In their paper on “The Role of S.arcoid 
and of Bnicellosis in Uveitis,” Woods and 
Guyton’® present an analysis and evalua- 
tion of 15 cases which they attributed to 
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brucellosis. Seven of the patients had 
recurrent iritis; 5 had generalized uveitis; 
3 had onl^’ lesions in the choroid, “1 or 
more elevated moderately circumscribed 
e.xudates \s'ith little surrounding reaction 
or generalized subretinal edema.” The 
uveitis was of granulomatous type in 
8 cases and of non-granulomatous tjqje 
in 7. It was recurrent in 1 1 of the 1 5 cases. 
The cornea was involved in 2 cases. An 
additional case of nummular keratitis is 
mentioned as occurring in a patient with 
chronic brucellosis and the question is 
raised as to the possible etiologic role of 
brucellosis in nummular keratitis. One 
case of lu’eitis progressed to phthisis bulbi 
and the eye was enucleated. Histologic 
e.vamination revealed " a non-specific uve- 
itis until several conspicuous lymphoid 
nodules, a picture quite suggestive of that 
of periodic ophthalmia in horses.” All of 
the patients gave a history of ingestion 
of raw milk or raw milk products and most 
of them had had unexplained fever pre\n- 
ously. Only 1 patient had a prolonged 
low grade fei’cr during the period of 
observation. Hence the patients must 
have been in the chronic or healed phase 
of the infection. Agglutination tests 
against limccUa siiis and Brucella abortus 
antigens of living organisms were positive 
in dilutions of 1 : 20 to 1 :320 in 13 of the 
1.0 cases. In 1 patient, agglutination tests 
wore negative but the complement fixa- 
tion reaction was strongly positive. In 
the remaining patient, both the agglutina- 
tion and the complement fi.xation tests 
were negative, but "the cutaneous sensi- 
tin'ty test w.-is violently po.sitivc .and 
there were no other etiologic factors.” A 
cutaneous sensitivity te.'t w.as done on 
only jj.'itient.s; it wtis jKi'itive in *1 and 
negative in 1. 

It is generally recognized that it is v<Ty 
difficult to e^tahli-h a iv>'itive diagnosis 
i>f chronic brufx'llosls. In mo^t instancf-s, 
the diagnosis must Ik- taken to Ik* pre- 
sumptive only. The hnnvlla fuganbrns 
c.tnrtot Ik- euUurfs! from the fd/KvI in 
chronic e;w-s. The agglutin.uiori titer js 
high in tl:<- acute ste.g.- hut dri.;o tie- 


case becomes chronic and may even fall 
to zero while the patient still has a low 
grade fever. The complement fixation 
reaction is not thought to be satisfactory- 
for diagnostic purposes because it is not 
sufficiently specific. Woods and Guyton'^ 
cliecked the complement fixation reac- 
tions of 76 patients for both bnicella and 
gonococci; 21 patients were positive to 
brucella but IS of the 21 were positive to 
gonococci also. Woods and Guyton'^ 
seem to favor the employment of agglu- 
tination tests for diagnostic purposes and 
do not place much reliance on the cuta- 
neous sensitivity tests or the opsonocyto- 
phagic index. However, Green, ^ Harris,® 
and McGinty and Gambrell" seem to 
favor the combined appraisal of the cuta- 
neous sensitivity test and the opsonocyto- 
phagic index, since they think that the 
agglutination reaction is apt to be nega- 
tive in the majority of cases of chronic 
brucellosis. 

Harris® thinks that the agglutination 
test is of diagnostic significjince only 
when it is positive in dilutions of 1 :S0 or 
higher. Harris® states that the intradcr- 
mal test for brucellosis is comparable in 
all respects to the tuberculin test. He 
agrees with jMcGinty and Gambrell" that 
a positive reaction indicates only that 
the patient has been infected at some 
time and that it gives no information as 
to the present status of the infection. 
By flctermining the phagocytic activity 
of the leukocytes tow.ard.s Imicclla organ- 
isms, however, it is pos.sible to determine 
whether infection is still prc.5cnt or the 
patient is immune. The skin test may Ik; 
made with a hcat-killcd suspension of 
bnicella organi.sms in saline or with 
bniceliergin. a siisjK-nsoid of nucleoprotein 
from bnicella cells. McGinty and Gam- 
brelP' prefer bniceliergin since it is more 
standardized and causes less sy.stemic 
reaction and less locid necrosis. Also it 
interfi-ri-s h-;-- v.-’th the a"clutinalion and 
op-onoeytojihagic tests. Ilamb’ prefers 
the u.se of n.l t:r. of a he.af-kiJJed vaccine 
{irep.aretl from the nlKirtns strain only. 
Ila.-ri'’ thinks that tlie op-onoeytophacic 
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test is of value for 2 reasons; (1) to deter- 
mine the degree of specific resistance of the 
patient to brucella organisms as an aid 
to interpretation of the cutaneous reac- 
tion; and (2) for comparison with future 
tests if the patient is given vaccine 
therapy. 

It would appear that the treatment of 
acute and chronic brucellosis is not en- 
tirely standardized or satisfactory. Among 
methods of treatment are mentioned sul- 
fonamides, artificial fever, intravenous 
typhoid vaccine, human immune or con- 
valescent serum, antisenim produced by 
inoculation of animals with live organisms, 
brucella vaccines and brucellin. For the 
acute stage, Harris® suggests sulfadiazine 
or sulfathiazole, transfusions of immune 
or non-immune blood, Foshay’s antiserum. 
He thinks that artificial fever is of value 
only occasionally. For the treatment of 
chronic brucellosis. Harris® prefers the 
intramuscular administration of a vaccine 
made from the abortus strain alone. 
Among 400 patients so treated, satisfac- 
tory results were obtained in 75%, good 


results in between 15 and 20%. The 
treatment failed in about 5 to 10%. He 
stated that the only commercially avail- 
able vaccines obtainable at the time his 
paper was nTitten (1944) were prepared 
from mixed strains of bruce.la and might 
give undue reactions. 

Finally, in attempting to evaluate the 
role played by chronic brucellosis in the 
etiology of acute, chronic and recurrent 
iritis, choroiditis and uveitis, it would seem 
to be logical to accept the views of Woods 
and Guyton.*® A positive diagnosis can- 
not be made since it is not possible to 
isolate the organism and therapy is not 
sufficiently adequate to constitute a thera- 
peutic test. However, “the accumulated 
evidence indicates brucellosis is probably 
an etiologic factor in uveitis, and it ma^' 
be quite an important one.” Positive ag- 
glutination and sensiti\aty reactions to 
brucella in a patient with uveitis have 
probably essentially the same significance 
in the diagnosis of etiology as positive 
reactions to tuberculin. 
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HtBtAX Embevologt. By Bradlet M. 
Patten, Prof, of Anatomy in the Univ. 
of Michigan Medical School. Pp. 776; 
446 ills., 53 in color. Phila.: Blakiston, 
1946. Price, S7.00. 

This new volume is an e.\-cellent textbook 
of embi^'ologj' for the medical student. The 
author is eminently qualified to wite on 
this subject, being both a teacher of medical 
students and nriter of well-knomn te.xts on 
the cmbrj’ologj' of the pig and the chick. 
In this book he has aimed at presenting onl}' 
those aspects of this tremendous subject 
that have a direct bearing on human devel- 
opment, normal or abnormal. The book 
begins with an introductorj’ chapter on gen- 
eral cmbrj'ologj', its place in science and, 
in p.articular, its place in medicine. This 
is followed by chapters on the reproductive 
organs and the se.xual cycle, followed by the 
early development of the embrj'o, the estab- 
lishment of the organ sj'stcms and the gen- 
eral groTvih and development of the body 
as a whole. After a chapter on monsters 
and tcratologj* there arc II chapters de- 
scribing the development of each of the 
organ sj’stcms. Each portion is presented 
so that it emphasizes its relation with the 
other subjects of the medical curriculum. 

The book is well written, the iiIu.=trations 
are excellent and the Bibliography most 
complete. It is printed on good paper and 
is well l)Ound. Be.=ides being of great value 
for students, physicians in .all branchc.s will 
find this book most helpful .as a reference 
text. It can be most highly recommended. 


references to Brown-Sequard’s medical writ- 
ings, the biographic references and a good 
Index make this a scholarly source of infor- 
mation about the man and his work. 

To this something has been added. The 
reader will be delighted b}' an excellent biog- 
raphy. The hero, in spite of some faults, 
captures one’s attention and affection. His 
time spent in the United States will arouse 
the interest of American readers. In the 
last annl 3 Eis it is Dr. Olmsted’s literao' skill 
which makes this a book to read for pleasure, 
a rare quality in medical UTiting. F. L. 


SoEGicAL Pathology. B3’ William Boyd. 
M.D., M.R.C.P. (Edin.), F.R.C.P., 
(Bond.), LL.D., Prof, of Patholog}', Univ. 
of Toronto. Cth cd. Pp. S5S; 530 ills., 
22 in color. Phila. and London: Saundens, 
1947. Price, SIO.OO. 

This edition remains an outstanding con- 
tribution to the field of surgical patholog}’, 
and is an c.xcellent source of information to 
the pathologist and student. Several addi- 
tions have been made, and newer concepts 
of pathologic procos-scs arc included. Sec- 
tions on fibrous d 3 'splasia and pincaloma 
add to the completeness of the book. Recent 
theories concerning eosinophilic granuloma 
are considered. The subject of cystosarcoma 
phallydcs is perhaps too rapidl 3 ’ dismissed. 
There is an interesting new addition of con- 
genital cardiac defects that arc amen.ablc to 
surgical treatment. I. Z. 


W. S. 


C’H.MiLr.s - Eiinr.\r.n Bi'.own - Seocaud, a 
Iffni C'KvrtT.y Ni:rr.oiA)Gi?T and Endo 
nu.voLoor.'T. By J. M. I). Ou!.-ti;i), 
Pii.D., Prof, of Ph 3 -.=ioln..*y, Univ. 

of C.aliforriia. Pp. 2-V{; 2 ill-. Balt,: Tiic 
.r<i!!r;< IIo|ikin-- Pres.-. lOI'j; I.ondon: 
Hunn'hn- 3 ‘ Mik'ord Oxford Univ. Pre-i, 
Pd P.rice, 

Tsn- n-’V.rd- tl.o S.'i. teri'-s of 


TcnK.ncui/isi.s as It Comes and Goes, By 
Edward W. IIaye.s, M.D., .A.C.P., .Assoc. 
Prof, of Tuberculosis, College of Alcdical 
Evanceli'ts, IjO= .Anaelr-s; Mcdic.al Direc- 
tor and Piiy.=ician-in-Chargo of the Mary- 
knoll Sisters .Sanatorium, the Keane Sana- 
torium, and the Lair .Sanatorium, .Mon- 
rovia, Calif. 2nd rsi. Pp. 2‘'t0; .34 fig-, 
.'^prin'zfseld. 111.: Charl'v C Thomas, 1947. 
Prifc, .5.3.75. 

Tilts t-i'itir.Ts of ft b'ssk v.-rit'en for {ntienL 
ba- ir.ert-..-(-fi ti.e • jtaf <- devotcfi to tulis’rculin 
tf-'t'.ag .a.ad ea-s- fi.ri'ii.av, in lin^ with im* 
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proved methods instituted since the publi- 
cation of the 1st edition in 1943. In some 
instances, diagrammatic figures have been 
added to complete case histories, and other 
cases have been included. Other additions 
include the Dock theory on rest, expansion 
of the chapters on surgery, a brief mention 
of rehabilitation, and a section on “Sugges- 
tions to Visitors,” the latter by Laurence 
de Eycke, Ph.D. Relatively little attention 
is devoted to drug therapy, and no informa- 
tion is given to orient patients with respect 
to the newer methods of medical treatment 
of this disease, which have been widely 
publicized in recent years. A pleasing format 
and the increased use of bold-face t 3 ’'pe to 
accomplish emphasis add to the attractive- 
ness of the new edition. E. L. 


CmuGiA OcTJLAB. By H. Abruga. Pp. 888; 

1218 ills., 119 in color. Barcelona and 

Buenos Aires, Salvat Editores, S. A., 1946. 

No price given. 

This is a complete textbook on the surger}-- 
of the ej^e, of over 800 pages, magnificently 
illustrated. The illustrations are so extra- 
ordinarily beautiful that even if one cannot 
read Spanish, the author’s intent is made 
clear. Since most operative techniques can 
be made clearer by illustrations than by the 
written word, the language difficulty should 
not prevent anyone from bujnng this book. 
The author is well recognized in this country 
as an authority on retinal detachment and 
because of his manj' original contributions 
to all phases of ophthahnic surger 3 ^ He 
and the publishers are to be congratulated 
on this magnificent volume. F. A. 


Philosopht and Medicine in Ancient 
Greece. By W. H. S. Jones, Litt.D., 
F.B.A., Suiijilcments to the Bitllclin of the 
Histori/ of Medicine. No. S. Pp. 100. 
Balt.; Johns Hopkins Press, 1946. Price, 
82.00. 

Tins supplement of the Bxdktin is the 
result of 8 years labor hy the well-knoum 
Greek scholar and translator of the works 
of nijijwcrates (Locb Classical Series), aided 
by F. hi. Coinford until the latter’s death. 
Section 1 (25 pages) considers briefly the 
Pro-llip]iocratics, Plato and the Hippocratic 
Corpus. Section 2 is an ossiy on Hypothesis 
in Greek thought and on Philosophy and 
Medical Etiquette. Section 3, by far the 


largest part of the study, is devoted to the 
Hippocratic “Ancient Medicine.” Follow- 
ing an interesting Introduction, are given 
the Greek text, a translation wdth comments 
and several pages of additional notes. Indi- 
cations of erudition are obvious in this pro- 
duction; the style, like that of the original 
Greek, is clear and terse. The translation 
differs but little from that of the Loeb vol- 
ume. This Supplement will be received as 
further evidence of Dr. Sigerist’s wisdom in 
organizing this series of Supplements and of 
the Institute’s success in productive research 
in medical historj\ E. K. 


Gynecology With a Section on Female 
Urology. By Lawtience R. Wharton, 
Ph.D., M.D,, Asst. Prof, of Gjmecology, 
The Johns Hopkins Medical School. 2nd 
ed. Pp. 1027; 479 ills. Phila. and London; 
Saunders, 1947. Price, SIO.OO. 

The author has admirably incorporated a 
247 page section on female urology into a 
clearty uTitten textbook of gjmecologj'. The 
presentation is concise and largely limited 
to fundamentals. 

This edition has been improved over the 
1st by 35 more illustrations and by the re- 
uTiting and rearrangement of a number of 
sections to clarify and expand original sub- 
ject material and to include recent advances. 
New chapters on gjmecologic diagnosis and 
embrjmlogj’-, and one by Dr. C. R. Prince 
on “Water Cystoscopj'^” deseiY'e special 
mention. G. H. 


HAR\mY Cushing. By John F. Fulton. 

Pp. 754; 99 ills. Springfield, III.: Charles 

C Thomas, 1946. Price, .85.00. 

For many more than his numerous admir- 
ers Hanley Cushing was, in Sherrington’s 
words, “tlie most distinguished surgeon in 
this country, if not in the world”— this 
coming at a time when American surgerj- 
was forging most rapidly ahead to a leading 
world position. As this study well demon- 
strates, he was also a zealous educator, the 
book itself owing something, as will be seen 
below, to his desire to help medical students. 
Cushing was highly skilful as an operator 
and still more distinguished as a student of 
disease and of wa,vs of recognizing and over- 
coming it. His artistic and literary gifts 
were of a high order; he was a discriminat- 
ing bibliojihile with a long enough purse to 
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satisfy his desire to bring together a notable 
librarj'- of important rare medical books The 
historj^ of medicine was to him a valuable 
discipline as well as a lifelong field of interest. 
Such a. versatility of eminence offers great 
opportunitj’’ to a biographer, if adding cor- 
respondingly to the responsibility of his 
task. There should be general. agreement, 
however, that it has been well carried out 
by Dr. Fulton, who was early delegated as 
Cushing’s literary executor, and has been at 
wwk on this biographj’, except for serious 
interruption bj'^ the war, since shortly after 
Cushing’s death. Also a distinguished 
student of the nervous system, educator, 
bibliophile and book collector, medical his- 
torian and experienced writer, and on the 
same Faculty w'ith Cushing for several years 
before his retirement, Fulton was an ideal 
man for the job. 

The volume is constructed on much the 
same lines as Cushing’s ovm biographj' of 
Osier, except that being in one volume the 
details of his clinical work, especiall}’' in its 
technical phases, have been purpose^' cur- 
tailed. The same chronologic approach has 
been followed, with H. C.’s age conveniently 
repeated on each recto and the month and 
year on each verso. The same kind of 
material is included as in the Osier volumes 
—with numerous excerpts from Cushing’s 
voluminous diary and letters. The book is 
well embellished with close to 100 illustra- 
tions, many fortunately being of Cushing’s 
attractive pen and ink sketches. The pres- 
ent volume does not suffer by comparison 
with the Osier — a big compliment, truly. 
We are indeed fortunate that two such dis- 
tinguished medical men should live on in 
these intimate, simple yet revealing biog- 
raphies. 

Cushing’s intense, scintillating character 
shines through almost every page, with its 
valleys as well as its heights, the latter 
presented without show, the former without 
evasion. For instance, when depressed from 
overwork at Harvard, he writes: “Able to 
do no studying for some time . . . sui- 
cide about only alternative . . .” The 
episode of his accusatory letter to Dandy 
about the acoustic nerve tumor work, which 
provoked a lifelong bitterness, is frankly 
met — though in a sympathetic way that 
helps the reader to a better understanding 
of this complex character. As one might 
expect, there are not a few similar incidents, 


for this is not an account of a placid life. 
More frequent opportunity arises, however, 
to let events illustrate the thoughtfully gen- 
erous side of Cushing’s nature; his many 
kindly deeds to assistants and students and 
those in want or distress; the Osiers’ reaction 
to his presence at the deathbed of their son, 
Revere— the.se are but a few of the many 
instances given with obrdous zest by a biog- 
rapher who e^^dently has tried not to be 
carried away by his great admiration for his 
subject. 

Aware that a biograph}' was to be pre- 
pared, Cushing characteristically made pro- 
vision in his will for a subvention, which 
has permitted preparation of this handsome 
as w'ell as adequate volume at extremely 
low cost for these days of costly publishing. 
The medical world at large, as well as the 
medical students whom he is said to have 
had primarily in mind, should profit ae- 
cordingl}'. E. K. 


Principles op the Contact Lens. By 

H. Treissman and E. A. Plaice. Pp. 88; 

40 ills. London: Henry Kimpton, 1946. 

Price 10s/6d net. 

This is a clear and concise evaluation of 
contact lenses and should be of value to all 
those who prescribe them. There is an ex- 
cellent chapter on the physiologic optics of 
contact lenses with a comparison of the opti- 
cal merits of spectacle lenses as compared to 
contact lenses. The methods employed in 
fitting and testing contact lenses are ade- 
quately described. The factors are men- 
tioned which militate against tolerance in 
wearing contact lenses, but unfortunately 
no solution has as yet been found for those 
patients who develop corneal edema. 

F. A. 


Clinical Methods op Neuho-ophthal- 
MOLOGic Examination. By Alfred Kes- 
tenbaxui. Pp. 400; 65 iUs.; 20 tables. 
New York: Grune & Stratton, 1946. 
Price, $6.75. 

This is an excellent book and is highly 
recommended for neurologists and neuro- 
surgeons, as well as ophthalmologists. The 
first 5 chapters deal with the physiology 
and pathology of the optic pathways. In 
the first chapter, a review is given of the 
anatomy of the optic pathway; the second 
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deals with disturbances in the visual fields; 
the next 3 treat disorders of the various 
portions of the optic pathway; namely, the 
optic nerve, the chiasm and the retrochi- 
asmal portions of the optic pathway. The 
sections on chiasmal lesions and retro- 
chiasmal lesions are especially well done. 
Following this, are chapters on paralysis of 
the ocular muscles and supranuclear par- 
alyses, nystagmus and disturbances of the 
symmetrical eye movements, such as con- 
vergence and divergence. Chapter 10 deals 
with pupillary abnormalities and disturb- 
ances of accommodation. Chapter 11 in- 
cludes alterations in the palpebral fissure 
and a group of miscellaneous disturbances, 
such as trigeminous ner\'e affections and the 
Kayser-FIeisher ring in pseudosclerosis. The 
final chapter is concerned with functional 
disturbances. 

The general style of the book is good and 
the illustrations, though diagrammatic, are 
excellent. The only possible fault that can 
be found is the inclusion, probably for com- 
pleteness, of a number of tests for differenti- 
ating the site of lesions in the optic path- 
ways, which are generally conceded to have 
little clinical value. In practically every 
instance, however, the author has been care- 
ful to point this out. It is the most practical 
book on neuro-ophthalmologj' which has so 
far appeared in English. F. A. 


Urgent SuncEuy, By Julius L. Spivack, 
M.D., LL.D., Associate Professor of 
Surgery, University of Illinois College of 
Medicine; Corresponding Member IMexi- 
can Academy of Surgery; Senior Attending 
Surgeon, Columbus Memorial Hospital, 
Chicago; Attending Surgeon, Oak Forest 
Infirmary. Vol. I. Pp. 714; 572 ills., 14 
in color, Springfield, 111.; Charles C 
Thomas, 194G. Price, SlO.oO. 

The purpose of this volume is not clear 
to the Reviewer nor docs the title seem 
justifiable. The surgeon who is to do most 
of the procedures described in the text must 
be a trained operator, and there is little 
that ho can learn from this book. The 
“casual operator” referred to, as for example 
when simjile closure of a perforated ulcer 
is discussed, should certainh' not be en- 
couraged to undertake the “urgent” 2-stage 
perineal oiwration for imperforate anus or an 
intern.al choledoehoduodenostomy. Spleno- 


pexy under any circumstances can hardty 
be regarded as urgent nor can operations 
for cj'ste of the spleen. 

In this day of rapid transportation it is 
inconceivable that a child with pyloric 
stenosis cannot be taken to a competent 
surgeon who has had basic surgical training 
and who, if he wishes to re^^ew the steps 
of an uncommon operation, will go to a 
source book containing more anatomic and 
phj'siologic detail than this one. 

This volume therefore cannot be warmly 
recommended nor the title condoned in the 
light of the contents chosen. I. R. 


The Eye Manifestations of Internal 
Disease. By I, S, Tassman, Pp. 614; 
243 ills., 24 in color. St. Louis: C. V. 
Mosb}', 1946. Price, SIO.OO. 

This is a well-vTitten and readable book 
on medical ophthalmologjL Although in no 
sense an exhaustive treatise, it covers the 
field well and includes good references to the 
literature. F. A. 


Victory 0\t:r Pain. By Victor Robin- 
son, M.D. Pp. 338; 47 ills. New York: 

Henry Schuman, 1946. Price, S3. 50. 

This is a readable, instructive, lucid and 
entertaining history of anesthesia. The 
author teUs a stirring tale and makes many 
of the great characters of the 19th centurj' 
live again. 

The publishers state "we are all aware 
that scientific advances have reached a point 
where they dominate the lives and destinj' 
of everyone. With this awareness has come 
a natural desire to understand more fully 
the role and hnpact of science on our everj’- 
day life.” Anesthesia is one of these “scien- 
tific advances,” and Dr. Robinson portrays 
in fascinating detail the role that American, 
English, Scottish, French, German and Rus- 
sian medical circles have played in the 
development of this science, .flnesthesia is 
regarded by all thinking people as one of 
the major contributions of man to his fellow. 
This book recounts the hazards and disap- 
pointments of research, the numerous fail- 
ures to recognize the significance of new 
observations and the struggles for fame and 
fortune that followed the introduction of 
general anesthesia. Numerous anecdotes 
and many letters make this one of the most 
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entertaining histories that the Reviewer has 
read. It can be recommended without 
hesitation to all who are interested in the 
progress of medicine, be they laymen or 
plwsicians. P. D. 


OcULOHEFnACTIVE Cl’CLOPEDIA AND DlC- 
tionaht. By Thoxus G. Atkinson, 
M.D., B.S.C. 3rd ed. Pp. 3SS. Chicago: 
Professional Press, 1944. Price, $5.00. 
Tms is a dictionary of ophthalmologic 
terms in which some of the terms are mereb' 
defined and others are expanded into encj'- 
clopedic references. This makes such a 
discrepancy in the value of the book for 
reference that it partial destro 3 "s its use- 
fulness. Under Ptosis for instance, there is 
merety a sentence defining the condition, 
whereas 11 pages are given to the heading. 
Psychology of Vision. The book does con- 
tain a considerable amount of interesting 
material which is not readil 3 ’^ available in 
other sources, but it is very uneven. 

F.- A. 


Penictluk: Its Practical Application. 
B 3 ’- 30 British Practitioners and Research- 
ers. Edited by Sir Alexander Fleming, 
M.B., B.S., F.R.C.P., F.R.C.S., F.R.S., 
Professor of Bacteriology in the Universits’’ 
of London. Pp. 380; 59 figs. Phila- 
delphia: Blakiston, 1946. Price, S7.00. 
The name of Fleming attached to a book 
on Penicillin is enough to arouse great 
e.xpectations. As far as the historical back- 
ground, general principles, and the bac- 
teriologic aspects are concerned, these ex- 
pectations wiU be realized; the 2 chapters on 
these topics were contributed b 3 ’^ Sir Alexan- 
der himself. The chapters on Chemistry 
and Manufacture, Pharmac 3 % Pharmacolog 3 % 
and Methods of Administration are also 
well done and reasonabty adequate, as of 
the spring of 1946 in Great Britain. These, 
with Fleming’s 2 chapters, occup 3 ’’ the first 
104 pages and constitute the General Sec- 
tion. The remaining 21 chapters comprise 
the Clinical Section and are written b 3 ' 24 
specialists, including a dentist and a veter- 
inarian who contribute appropriate discus- 
sions. As would be expected, there is con- 
siderable overlapping and unevenness in 
qualit 3 ' of coverage. The American reader 
probabR’- find the discussions of the 
treatment of syphilis quite inadequate, will 


be confused at the lack of mention of any 
but British Pharmacopoeial preparations, 
and disappointed at the absence of adequate 
discussion of the different penicillins and 
the problem of producing them naturally 
or S 3 mtheticalt 3 '. The literature cited at the 
end of each chapter is largely British, which 
is perfectly proper and understandable but 
not extremel 3 ' helpful for the American 
practitioner seeking further information than 
that given here. It probabR' is time for an 
international imlume on penicillin. 

C. S. 


Adv.ancing Fronts in Chemistry. II. 

Chemotherapy. Edited b3' 'Wendell H. 

Pou'ERs, Assistant Professor of Chemis- 
try, Wa 3 me Universit 3 '’, Detroit. Pp. 156; 

6 figs, (photographs of contributors). 

New York: Reinhold Publ. Co., 1946. 

Price, $3.25. 

This presents 6 of 7 lectures given at 
Wa 3 ’ne 'U'niversit 3 ' in 1945, as a S 3 Tnposium 
on Cbemotherap 3 ’. The 3 ' are: Chemother- 
apy in Ex-perimental Tuberculosis, b 3 ' W. H. 
Feldman, V.]M.D., Sc.D.; Synthetic Anti- 
spasmodics, by F. F. Blicke, Ph.D.; Chem- 
istr 3 ' of the Sulfa Drugs, by E. H. Northey, 
Ph.D.; The Antimalarial Problem, by H. S. 
Mosher, Ph.D.; Organometallic Compounds 
as Chemotherapeutic Agents, b 3 ' C. K. 
Banks; Past Developments and Present 
Needs in the Chemotherap 3 ^ of Parasitic 
Diseases, by Col. W. H. "Wright, V.M.D., 
Ph.D. The 7th lecture was on Antibiotics, 
b 3 ' Dr. H. E. Carter; actuall 3 ^ the first of 
the series, it could not be prepared in time 
for publication, which is alread 3 ' more than 
a 3 'ear after presentation. Feldman makes 
a good case for the value of the disulfone 
derivatives (Promin, Promizole, Diasone) 
against tuberculosis in guinea pigs but he 
clearty states that the results of trials in 
human patients are “not comparable to the 
striking results obtained in guinea pigs or 
to the dramatic effects with chemotherapeu- 
tic drugs in the treatment of patients who 
had such an acute disease as pneumococcus 
pneumonia." The inclusion of S 3 mthetic 
Antispasmodics here is not covered b 3 ’’ the 
definition of Chemotherap 3 '- used b 3 ^ the 
other contributors, nor is it justified b 3 ' the 
breidts^ of the material presented. Northe 3 ^s 
chapter on the sulfonamides is complete, well 
documented and up to date. Mosher’s ap- 
proach to the antimalarial problem is that 
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of an organic chemist whose interest lies in 
methods of synthesis; the recent synthesis 
of quinine is not covered nor is the now 
available result of the extensive work done 
along these lines under the 0. S. R. D. dur- 
ing the war. Banks’ chapter on the metals 
is a brief and reasonabty adequate summarj’- 
of the development of organic derivatives 
of arsenic, bismuth, antimony, mercury and 
silver. Col. Wright’s chapter is long (41 
pages), but it is the only part of the book 
that is likely to be valuable to the practi- 
tioner. C. S. 


Squint and Convergence, By M. A. 

Sttjtterheim. Pp. 95; 41 ills. London: 

H. K. Lewis, 1946. Price, S3.00. 

From start to finish, this book is a com- 
pilation of loosely thought-out ideas, badly 
expressed. The author is correct in his 
statement that at present we know very 
little about concomitant squint; but his orig- 
inal thoughts on the subject have meager 
foundations of fact and he blithelj’- passes b}' 
all facts which are not in conformity vith 
his theory. The book is of interest because 
of its novelty, but it cannot be regarded as 
a serious exposition of the subject. It is the 
type of book which usually comes from the 
pen of non-medical practitioners, and should 
only be read by someone with sufficient intel- 
ligence and background to interpret it 
critically. F. A. 


Diseases of the Retina. By Herman 
Eewyn, M.B. Pp. 587; 170 ills., 19 in 
color. Philadelphia: Blakiston, 1946. 
Price, SIO.OO. 

This is a comprehensive text of those 
diseases of the eye of which the chief mani- 
festations are in the retina, and of the retinal 
manifestations of general disease. Part I 
deals with diseases of the retina resulting 
from disturbances in circulation, and deals 
extensively with the hypertensive reti- 
nopathies. The Author has written exten- 
sively on this subject in recent journals; 
in view of his authoritative position, it is 
surprising to find no mention made of 
Wagoner’s work in this section. His ^^ews 
on the origin of the retinopathy in diabetes 
arc original; and, although they may not 
be accepted generally, arc stimulating. 

Part II deals witl'i diseases of the retina 
resuiting from v.nscular malformations. He 


includes in this section a description of 
Coat’s disease, which is again based on an 
original point of ^dew that the fundamental 
pathologic factor in Coat’s disease is a vas- 
cular malformation invobnng the small ves- 
sels with the formation of miliary aneurj'sms. 
The changes in these small vessels are inter- 
preted by Elvyn to conform to our concep- 
tion of a telangiectasis. Sturge-Weber dis- 
ease is also included in this section. Elwjm 
believes the glaucoma found in this disease, 
as part of the clinical picture, is due to an 
angioma of the choroid. 

Part III deals with the degenerative dis- 
eases of the retina on an hereditary basis. 
Part li'' deals with inflammatory diseases 
of the retma; Part V with tumors of the 
retina; Part VI with diseases of the retina 
leading to retinal detachment; Part VII 
with developmental anomalies of the retina, 
and Part VIII describes radiation injuries of 
the retina. 

The book is carefully written and well 
illustrated and is an outstanding contribu- 
tion to our literature. It will be useful not 
only to the ophthalmologist, but also to the 
neurologist, the internist and the general 
practitioner, for the ophthalmoscope has 
now become part of the diagnostic equipment 
of all well-trained physicians. F. A. 


Peripheral Vascular Diseases. By Ed- 
gar V. Allen, B.S., M.A., M.D., M.S., 
F.A.C.P.; Nelson W. Barker, B.A., 
M.D., M.S., F.A.C.P.; and Edg.'VR A. 
Hines, Jr., M.D., B.S., M.A., M.S., 
F.A.C.P., with Associates in the Mayo 
Clinic and Mayo Foundation. Pp. 871; 
386 ills. Philadelphia: Saunders, 1946. 
Price, $10.00. 

This important book will be of value to 
the physician in general practice, the spe- 
cialist in peripheral vascular disease, and 
the research worker. It contains an unusu- 
all 3 - complete presentation of tlie basic 
anatomj' and physiologv*. The clinical 
material is based upon the wide experience 
of the authors, working in the Ma 3’0 Clinic, 
and contains an excellent re\’iew of the 
pertinent literature. Care is taken to dis- 
tinguish between that which can be con- 
sidered established, that which is opinion, 
and that which is mere hearsa}*. The illus- 
trations are excellent and well chosen. While 
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the text is long for complete reading, an 
adequate index facilitates reference. It is 
highly recommended. J. G. 


The Norjial Encephalogram. Bj’ Leo M. 

Davidoef, M.D., and C. G. Dyke, M.D. 

Pp. 232; 155 ills. Philadelphia: Lea & 

Febiger, 1946. Price, S5.50. 

This is an exceptionally well-handled 
treatise on the technique of pneumo-enceph- 
alograph}' and on the interpretation of the 
films obtained from the procedure. The 
most valuable information presented is the 
clear and direct correlation between the 
anatomic brain structures and their respec- 
tive representations to shadows on the 
Roentgen ray film. 

The untimely death of Dr. Dyke is indeed 
regrettable. Without him we are deprived 
of the sequel of this work; namelj', the 
abnormal encephalogram. J. C. 


La Cultura in Vitro Del Midollo Osseo, 
Problem! di Fisiopatologia Ematologica 
Studiati con la Tecnica della Cultura dei 
Tessuti. Bj' Aminta Fieschi and Gio- 
vanni Astaldi. Preface bj' Cesare Fru- 
GONi. Biblioteca Hiematologica, tTII, 
Directed by Adolofo Ferrata. Pp. 309; 
123 text figs, and 10 plates in color. Pavia : 
Tipografia del Libro, 1946. Price not 
given. 

During the decade in which the senior 
author of this book has been a student of 
the tissue culturing of the hematopoietic 
organs, she has elaborated a new method 
which in her hands appears to give special 
advantages and permits combination with 
the Warburg technique for the investigation 
of tissue metabolism. Though she has paid 
special attention to the megaloblasts, perni- 
cious anemia, and the leukemias, the 10 
chapters cover various other phases of the 
subject, Cooley’s anemia, for example. The 
old question of the genesis and evolution 
of the megaloblast furnishes an illustration 
of the capable wa 3 ' in which the subject 
matter is handled; being pupils of Ferrato, 
the authors perhaps naturallj^ straddle the 
dilemma by upholding its evolution into a 
normoblastic-lhie cell. 

The illustrations, as we have come to 
expect in Italian works on hematologj', are 
excellent and demonstrate the technical skill 
shown both in the preparations and the 


reproductions. These illustrations, together 
with the fortunate similarity of hematologic 
terms in Italian and English, make this 
volume of considerable value even to those 
who do not read Italian. 

'The purely morphologic approach to 
hematologic problems— carried to its ex- 
treme bj' the Germanic school of the past 
generation led by Naegeli and Pappenheim— 
has long been recognized as inadequate for 
further progress. Studies hke this one— 
and we are pleased to see in the Bibliography 
the number of references to the functional 
approach uTitten in English— augur well for 
the further progress in hematologj’’ along 
new dj’namic approaches. E. K. 


Allergy. Bj- Erich Urbach, M.D., and 
Philip M. Gottlieb, M.D. 2nd ed. 
Pp. 968; 412 ills. New York: Grune & 
Stratton, 1946. Price, 812.00. 

Because of the great amount of recent 
work in this field, the new edition represents 
extensive rew'sion, with many new references 
and illustrations. Among the additions are 
sections on psychosomatic allergj'. Eh fac- 
tor, and allergic bronchitis. The important 
section on drug allergj' has been enlarged 
and brought up to date, and descriptions of 
test methods have been amph'fied. The new 
format is attractive. 

This is a valuable book and is strongly 
recommended. M. McC. 


The Human Frontier. Bj' Roger J. 

Williams. Pp. 314; 5 figs. New York: 

Harcourt, Brace, 1946. Price, 83.00. 

This book is by the biochemist who dis- 
covered and synthesized pantothenic acid of 
the B litamin group, and who now wants 
man studied in his entirety rather than 
separate parts. Urging the need for many 
more trained workers, he saj’s: “It will be 
impossible to make serious advances in 
psj'chosomatic medicine as long as man-in- 
the-abstract remains the consistent theme 
. . The more important chapters are: 
Fundamental A'letabolism as It Is Related 
to Character Traits. Endocrine Glands and 
BehaTuor. Psj’chological Traits and Capaci- 
ties. Marriage. Criminology. Heredity 
and Emnronment. 

If 2 animals who bj’- inheritance should 
possess like anatomic structures for produc- 
ing like metabolism the same way, develop 
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differences in their anatomies, tiien differ- 
ences will be shoAvn in their metabolisms. 
The dozen or more endocrine structures in 
all probability release some 40 different hor- 
mones; the thyroid and pancreas are recog- 
nized as producing 1 each, whereas, the 
pituitary may produce from 6 to 10. The 
effects of World War II will greatly enhance 
the future of psychology. The obvious 
thing about common sense is its wide appeal. 
In the concrete problem of marriage, the 
amount of verifiable information is exceed- 
ingly scant and fragmentary. Scopolamine, 
loosely referred to as "truth serum,” de- 
presses the higher brain centers, thus ren- 
dering the subject unable to "make up a 
lie or follow through in deception.” Hope 
is expressed for its greater use, together 
with that of related substances. As to 
Heredity and Environment, the most promis- 
ing field for study is identical twins, reared 
in different environments. Forthrightly, we 
are told of our shortcomings, which should 
be stimulating. N. Y. 


The ViTAiiiiNs in Medicine. By Franklin 
Bicknell, D.M., M.R.C.P., and Freder- 
ick Prescott, M.Sc., Ph.D., A.R.I.C., 
M.R.C.S., Clinical Research Director, 
The Wellcome Foundation, London. 2nd 
ed, Pp. 916; 208 ills. New York: Grime 
& Stratton, 1946. Price, S12.00. 

This book is a valuable reference text on 
the vitamins. It has gi'own considcrabl}’^ in 
the 4 j^ears since its first publication in 
December 1942, having increased from 662 
to 916 pages, and from 120 to 208 excel- 
lent illustrations. All this despite wartime 
shortages and restrictions on printing. 

The general form is similar to that of the 
1st edition. Each ^^tamin is considered in 
a separate chapter. The approach is basi- 
calR clinical but large subdiiisions are de- 
voted to such subjects as the histor}', 
chemistr}’, distribution in foods, experhnen- 
tal studies and human requirements, ns well 
as a description of the diseases associated 
with deficiency, laboratory and therapeutic 
methods useful in practice. Each part is 
comifiete and well written. Documentation 
is elaborate: there is a large Bibliograjjhj’ 
at the end of each chapter; the whole totals 
over 4500 references. 

The sections on the vitamin B complex 
and riboflann have been rewritten and e.x- 
panded. 


Here has been collected together in an 
easily readable form a great fund of informa- 
tion otherwise unavailable. As a reference 
work this book will have important value for 
both students and practitioners. W. S. 


Medical Clinics op North America. 

Chicago No. Symposium on Advances in 

Clinical Medicine. January 1947. Pp. 

1-258. Phila: Saunders, 1946. Price, 

816.00 a j-^ear. 

This volume is prepared especially for the 
general practitioner. Consequent^ such 
common and important conditions as hyper- 
tension, coronar 3 ’- disease, nephritis, peptic 
ulcer, the acute infectious diseases, the 
d 3 'senteries, pneumonia and rheumatic fever 
are discussed. 

A conservative evaluation of benadr 3 d and 
P 3 Tabenzamine is made. One chnic is de- 
rmted to the action of radioactive phosphorus 
and the alk 3 damines in the treatment of neo- 
plastic and allied diseases of the hemato- 
poietic system. 

The electrocardiographic studies of Katz 
and Weinstein are interesting. Chronic 
h 3 ’^poparathyroidism; encephalitis dissemi- 
nated lupus er 3 '^thematosus, steatorrhea and 
same phases of psychosomatic medicine are 
excellently considered. J. W. 


Uterine Contractiuty in Pregnancy. 
B 3 ' Douglas P. Murphy, M.D., F.A.C.S., 
Asst. Prof, of Obstetrics and G 3 Tiecolog 3 % 
and Research Associate in the G 3 mecean 
Hospital Institute of G 3 'necologic Re- 
search, Univ. of Penna. Pp. 134; 64 ills. 
Phila.: Lippincott, 1947. Price, 85.00. 
This monograph presents Dr. Murph 3 "’s 
extended work in the stud 3 " of uterine activ- 
it 3 ’- in pregnanc 3 ' and labor. 

Over 3000 records have been taken with 
the Lorand tocograph durmg pregnanc 3 ' and 
labor from 1153 indh-iduals. These toco- 
graphic records provide a graphic represen- 
tation of the frequenc 3 ' and character of 
uterine contraction and the tonus of the 
uterus at various periods from the time the 
uterus is first palpable above the pelvic 
inlet in pregnnnc 3 - until the placenta and 
the fetus have been expelled in labor. The 
results have been carefulh- sorted, statistical 
data based thereon, and conclusions reached 
which are conservative, and in many phases 
of the subject, conclusive. Tlie monograph 
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therefore constitutes an authoritative state- 
ment on this ver^' important pliase of ob- 
stetric phj'siologj'. It is a book vlucb 
should be in the hands of all obstetric teach- 
ers, and its comment and suggestions should 
be of practical use to the obstetric clinician. 
The reader is impressed so much b3' the 
potential clinical value of the Lorand toco- 
graph in the observation of abnormal labor 
that be -svisbes this instrument were com- 
monlj”^ available for practical usage. 

Dr. Murphj' states that he set out pri- 
marily to studj'- the activity of the uterus 
in pregnancy. His investigations have shomi 
(1) a period of relative quiescence imtil the 
34th week of gestation or until appro.xi- 
matety 6 weeks before term, (2) a period of 
non-rh3dhmic activity from the 34th to 39th 
week of pregnancy, and (3) a period of 
rh3'ihmic activity which includes the 39th 
and 40th weeks of pregnancy. Regular, 
rh3'thmic contraction during this last period 
has some bearing upon a prompt normal 
delivery. 

Probably the parts of greatest interest to 
the clinician are those which have to do 
with the effect of pituitary extract upon 
uterine actmty, and those which concern 
primao’' uterine inertia. No response to 
pituitary extract before the 7th month has 
been noted. After that time a certain num- 
ber of uteri respond in more or less charac- 
teristic fashion while others continue com- 
pletety unresponsive. The response appears 
to vary with the size of the dosage and with 
the pree-xisting tone of the uterus. The 
responses may be (1) clonic, (2) incomplete 
tonic and (3) complete tonic. Unfavorable 
tonic reactions are avoided administering 
the drug where there is high tone of the 
uterus. 

Dr. Murph3’-’s findings in primarj' uterine 
inertia concur with those of Lorand in 
demonstrating inefficient, irregular, feeble 
uterine activity in this syndrome. He is 
in accord also with the classification wffiich 
has been presented b3' Lorand of 3 ti'pes of 
primaiy uterine inertia; (1) hs'potonic, (2) 
isotonic and (3) h3"pertonic, depending upon 
the degree of uterine tone associated ndth 
this condition. The treatment of these 
various types of inertia is discussed. 

There are man3' other obsen’'ations and 
conclusions in this monograph which have 
clinical as well as academic interest to the 
specialist in obstetrics. T. M. 


Ramcau StmcERY IN Advanced Abdo.m- 
iNAL Cancer. By Alexandek Brun- 
scmviG, M.D., Prof, of Surgery, Univ. of 
Chicago. Pp. 324; 116 ills,; 16 tables. 
Chicago; XJniv. of Chicago Press, 1947. 
Price, S7.50. 

It is fortunate that surgeons, in general, 
ma3' concentrate their attention on the im- 
mediate surgical problems presented by their 
patients else man3^ surgical advances would 
be lost in the inactivity resulting from in- 
soluble philosophic and economic considera- 
tions. As a rule, both patients and their 
families are ready and even eager to have 
an3’ procedure done that may offer a chance, 
however slight, for sundval so that the 
decision to attempt wfide e.xcision of malig- 
nant lesions need not rest upon the surgeon 
alone. 

The author discusses ' the extension of 
surger3’' to include operations on “inoper- 
able” mabgnant abdominal lesions and is 
able to present results that certainly justify 
his decision to operate, for of the 100 patients 
be reports there are 13 lining and well, with 
an average .survival time of 40 months, 
h'lost of the operations he describes were of 
such extent that the3' ma3' be attempted 
onty b3' axperienced surgeons, so that it can 
be assumed that it is unnecessai^’- to caution 
against such radical procedures being imder- 
taken without a weU-laid plan of action, 
both as to the operation and to the care of 
the patient. 

The monograph will be of great interest 
to aU surgeons but of usefulness onl3' to the 
few who have sufficient training and skill, 
as well as hospital facilities, to carr3’' out 
such extensive surreal procedures. 

I. R. 


Office Endocrinologv. By Robert B. 
Gbbenblatt, BJl., M.D., C.M., Prof, of 
Endocrinolog5', Univ. of Georgia School 
of Medicine; Director, Sex Endocrine 
Clinic Univ. Hosp., Augusta, Ga, . 3rd ed. 
Pp. 306; 71 figs. Springfield, HI.: Charles 
C. Thomas, 1947. Price, S4.75. 

The 1st edition of this small book ap- 
peared in 1941 as an outline guide for office 
practice in endocrinolog}^, harong originall3’' 
been based on a series of postgraduate lec- 
tures b3' the author. Degiite the implica- 
tion of its title, the 46 short chapters deal 
almost exclusivety with gynecologic endo- 
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crinology. The text is often repetitive and 
wordy. Emphasis is uneven and the style 
varies from the excessively lyrical to almost 
telegraphic English. The occasional specific 
endorsement of certain commercial prod- 
ucts by name seems in questionable taste. 
Some of the therapeutic recommendations 
(e. g., that of the efficacy of orally adminis- 
tered pituitary preparations) appear some- 
Avhat extravagant. The unfortunate prac- 
tice of printing categoi-y headings and 
numerical bibliographic references in identi- 
cal type is often confusing. The book does 
not seem to be an important contribution 
to current endocrinologic hterature. 

E. R. 


Penicillin in Syphilis. By Joseph Earle 
Moore, M.D., Associate Prof, of Medicine 
and AdjutantProf .of Public Health Admin- 
istration, Johns Hopkins XJniv.; Physician- 
in-Charge, Syphilis Division of the Medi- 
cal Clinic and Visiting Physician, Johns 
Hopkins Hosp.; Chairman, Syphilis Study 
Section, National Institute of Health, 
U. S. P. H. S.; Chairman, Subcommittee 
on Venereal Disease, N. R. C. Pp. 284; 
58 figs; 52 tables. Springfield, 111. : Charles 
C Thomas, 1947. Price, S5.00. 

In the battle of “Scientists Against Time,” 
one of the outstanding developments in 
medicine during the recent war was the 
discovery in June 1943, by Mahoney, 
Arnold and Harris, of the United States 
Public Health Service, that penicillin had 
definite antisj'philitic powers. This fact, 
plus the relatively non-toxic character of 
the preparation, seemed to be just what was 
needed for the handling of earl)’^ syphilis 
in the Armed Forces. A concentrated co- 
operative group study of penicillin in sj'ph- 
ilis was undertaken by the United States 
Army, Na-v’j’, Public Health Ser^^ce, and the 
Committee on Ivledical Research of the 
Office of Scientific Research and Develop- 
ment, under the general auspices of a Penic- 
illin Panel appointed bj' the Subcommittee 
on Venereal Diseases, National Research 
Council. In addition, some 25 chnlian 
clinics participated in a program of study 
of the effect of penicillin in early and late 
syphilis. Irately, the study has been taken 
over by the Syphilis Study Section of the 
National Institute of Health. It is particu- 
larly fortunate that Dr. Joseph Earle Moore, 
who coordinated the various aspects of this 


program, has prepared this interim state- 
ment of the present knowledge of the value 
of penicillin in siTihilis therapy. As he has 
access to much as yet not formally published 
data, this book is unique in the field in not 
appearing stillborn. Changeable as is the 
subject of peniciUin in syphilis, the material 
presented will be still fresh for some time 
to come. Another valuable feature is that 
while the author has cited most of the con- 
tributions of others, some of the sections 
represent a definitive personal interpreta- 
tion on the subject by Moore. A notable 
example of this is the discussion of the 
treatment of neurosyphilis. 

This book tells the physician what to do 
as well as what not to do with penicillin in 
syphihs. Unfortunately, the style of presen- 
tation is for the most part too statistical 
for the average reader. It would at least 
make the subject more appealing if indi\dd- 
ual case reports were more generally inter- 
larded through the text and its many graphs. 

The author (p. 212) reiterates the state- 
ment made by him and Goodwin recom- 
mending “that for the purpose of prevention 
of prenatal syphilis, metal chemotherapy for 
the syphilitic mother, whether with early or late 
{inchiding latent) syphilis, be abandoned and 
that penicillin be adopted universally instead.” 
We believe that this conclusion based on a 
variety of considerations may become one 
of the most firmly established results of the 
penicillin study, but, in a field so yonng, 
such dogmaticism may force an otherwise 
conscientious physician without adequate 
hospitalization facilities required by penic- 
illin therapy, to adopt a compromise sj’stem 
of penicillin prenatal therap}', which may 
prove inadequate. 

H. B. 


PSTCHOBIOLOGIC FOUNDATIONS IN DENTIS- 
TRY. By Edward J. Ry.an, B.S., D.D.S., 
Editor, Oral Hygiene and The Dental 
Digest. Pp. 131. Springfield, 111.: Charles 
C Thomas, 194G. Price, $3.00. 

The healing professions have been domi- 
nated to such an e.xtent by the scientific 
method that common sense obsen’ation and 
understanding of man as an entity rather 
than a complex of signs and s^miptoms has 
tended to be forgotten. Dentistiy, with its 
emphasis on technical excellence and its 
mechanical appliances, has not infrequently 
lost sight of the patient toward whose wel- 
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fare the dentist’s knowledge and skill were 
directed. 

Dr. Ryan has had much experience as an 
editor in wTiting for large groups of prac- 
ticing dentists. He writes clearl}' and pre- 
sents his subject in an interesting and 
thought-provoking manner. He has selected 
wiselj’’ from the literature on psychosomntie 
medicine and has adapted principles for 
application to dental practice. He is con- 
cerned particularlj’’ with the reaction of the 
dental patient to pain and makes suggestions 
which should be of value to practitioners 
in meeting this problem. A chapter is 
devoted to the interpretation of constitu- 
tional patterns of disease with particular 
reference to the influence of emotions upon 
the tissues of the mouth. Dental disease 
in the 7 ages of man is discussed and modi- 
fications of treatment indicated in ei-eo’' 
age group are suggested. 

This book should be widely read and 
should stimulate dentists to further studj'' 
of the principles of ps 3 ’'chobiology and their 
applications to dentistrJ^ P. B. 


Conduction Anesthesia; Cdinicae Stud- 
ies OF George P. Pitkin, IM.D., edited 
by James L. Southworth, M.t)., and 
Robert A. Hingson, M.D. Pp. 981; 
606 ills. Philadelphia: J. B. Lippincott, 
1946. Price, S18.00. 

For years Dr. George Pitkin collected 
artists' drandngs illustrating techniques of 
regional anesthesia. Thousands of dollars 
were expended during his lifetime. These 
plates, skillfullj'' executed and superb^' re- 
produced, form the basis of this volume. 

Anatomy is carefully' presented in an 
introductory^ 212 page section. The pharma- 
cology of local anesthetic agents is discussed, 
after which detailed considerations of all 
types of conduction anesthesia are given in 
the central section of the book. Concluding 
chapters are devoted to caudal, spinal and 
refrigeration anesthesia, and there is a final 
section on the therapeutic applications of 
nerve block. The format is pleasing, the 
paper excellent and the only' suggestion the 
Reviewer has as far as the book itself is con- 
cerned is that a 2 volume edition would be 
easier to handle than the rather bulky' single 
volume. 

The work should be of real interest to anes- 
thesiologists and to surgeons engaged both 
in the practice of general surgeiy* or in the 


surgical specialties such as neurosurgery, 
otolaryngology, orthopedics and ophthal- 
mo!ogy^ It certainly is detailed, perhaps too 
detailed. For example, the discussion of 
block of the brachial plexus includes a 
posterior, infracla\acular, axillary, lateral 
and supraclaidcular approach. 

The section on spinal anesthesia covers 
100 pages. Some statements are made which 
might be challenged. Thus, the Sydvester 
method is recommended for production of 
artificial respiration in instances of respira- 
tory' distress and oxy'gen administration via 
an anesthesia machine is not mentioned. 
The dosage of procaine for use in obstetrics 
is given as 100 to 200 mg. which seems 
excessive. 

In the Rer'iewer’s opinion, it constitutes 
a comprehensive coverage of all forms of 
regional anesthesia, but its %'ery' comprehen- 
siveness may' limit its value to all but the 
specialist. R. D. 


NEW BOOICS 

Diseases of the Chest, Emphasizing X-ray 
Diagnosis. By Eu H. Rubin, M.D., 
F.A.C.P., F.C.C.P., and Morris Rubin, 
BA., M.D. Pp. 685; 335 ills., 24 in color, 
Pbila. and London; Saunders, 1947. 
Price, $12.00. 

Medical Aspects of Growing Old. By' A. T. 
Todd, M.B. (Edin.), M.R.C.P. (Bond.). 
Pp. 164. Balt.: WiUiams & Wilkins, 1946. 
Price not given. 

Handbook of Medical Emergencies. Contrib- 
utors: Thosias B. Fitzpatrick, M.D., 
John L. Bakke, M.D., H. Staneet 
Bennett, M.D., Evan Calkins, M.D., 
Edward A. Carr, Jr., M.D., Dean P. 
Apperson, M.D., Walter W. Point, 
M.D., and James M. Stewart, M.D. 
Pp. 106. Cambridge; Harvard TJniv. 
Press, 1947. Price, $2.50. 

Milk and Food Sanitation Practice. By' H. S. 
Adams, D.Sc., Division of Public Health, 
Minneapolis. Pp. 311; 65 ills. New York: 
Commonwealth Fund, 1947. Price, $3.25. 
Recent Progress in Hormone Research. Pro- 
ceedings of the Laurentian Hormone Con- 
ference. Edited by Gregort Pincus. 
Pp. 399; 29 ills. New York: Academic 
Press, 1947. Price, $7.50. 

Thirteen articles, mostly by well-knoc-n in- 
vestigators, including considerable unpublished 
material. 
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Clinical Practice in Infectious Diseases. By 

E. H. K. Haekies, M.D. (Lond.), F.R.- 
C.P., and M. Mitman, M.D. (Lond.) 

F. E.C.P. Srded. Pp. 679. Balt.: Wil- 
liams & Wilkins, 1947. No price given. 

Pye’s Surgical Handicraft. Edited by Haji- 
lETON Bailey, P.R.C.S. (Eng.), Surgeon, 
Ro 5 'al Northern Hosp., London, etc. 
15th ed. Pp. 668; 789 ills. Balt.: Wil- 
liams & Wilkins, 1947. Price, '86.00. 

This manual, first published in 1884, is a 
practical, ■well-illustrated handbook that con- 
tains in brief form a vast quantity of informa- 
tion. The surgical resident in America will 
find it somewhat lacking in its neglect of 
physiologic principles, as for example the nutri- 
tion of a patient with decubitus ulcers; but 
any resident can profit from studying the 
technical aids described for the care and com- 
fort of patients. 

Diseases Transmitted from Animals to Man. 
By Thomas G. Hell, Ph.D., Director, 
The Scientific E.-diibit American Medical 
Association. 3rd ed. Pp. 571; 75 ills. 
Springfield, 111.: Charles C Thomas, 1947. 
Price, 810.60. 


Pulmonary Tuberculosis. By E. Y. Keeks 
and B. G. Eigden, of the Eed Cross 
Sanatoria of Scotland 2nd ed. Pp. 277; 
124 ills. Balt.: Williams Wilkins, 1946, 
Price, S5.00. 

This small volume, intended by the authors 
as a handbook for the student and general prac- 
titioner, admirabljf serves its purpose. In 15 
brief and concise chapters a summary of the 
essential knowledge on diagnosis and manage- 
ment of pulmonary tuberculosis is presented. 
It contains 114 excellent reproductions of chest 
roentgenograms illustrating the use of Roent^ 
gen ray in the differential diagnosis, assessment 
of progress, and therapy of tuberculosis. 

Psychopathology. A Survey of Modem Ap- 
proaches. By J. Ernest Nicole, O.B.E., 
L.M.S.S.A., D.P.M.R.C.P.C.S., Medical 
Supt., Winvick Mental Hospital. 4th ed, 
Pp. 268. Balt.: Williams &Willdns, 1946. 
Price, S4.75, 

This handbook reviews briefly the different 
approaches to psychopathology. Freud and 
McDougall are given about the same space and 
physiologic and ethnologic findings are consid- 
ered along with the theories of Keropf, Rivers, 
Watson, Kretschner. The outlines are clear and 
brief and there are useful cross-references. 
The Bibliography is extensive. 
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ON THE LATER DEVELOPMENT OF HEART DISEASE IN APPARENTLY 
HEALTHY PERSONS WITH ABNORMAL BALLISTOCARDIOGRAMS 

Eight- to Ten- year After-histoeies of 90 Persons 
Over 40 Years of Age 

By Isaac Starr, B.S., M.D. 

PROFESSon OF THERAPEUTIC RESEARCH 
PHIEADELPHIa, PENNSYIA’ANIA 

(From the Department of Therapeutic Rcscarcli. University of Pennsylvania) 


Ballistocardiocuiams were fit-st taken 
in the University Hospital in 193G and, 
as soon as we were thoroughly satisfied 
with the method,® work on the normal 
standards was hegun."* It was soon ap- 
parent that, with foresight in designing 
our attack on the problem, a double pur- 
pose could he accomplished. By selecting 
our normal subjects from the permanent 
population of the hospital and medical 
school, and from relatives and friends es- 
tablished in Philadelphia, we would not 
only be able to define the normal record, 
but also, by keeping contact with the 
group for a period of years, be in a position 
to compare records obtained on subjects 
who believed themselves to be in good 
health with their after-histories. By such 
a study we could ascertain whether the 
ballistocardiogruph could detect cardiac 
abnormality before tlie clinical picture 
ilevclnped, and learn to interpret wlnit 
abnormalities we encountered. 

Ten years have now elapsed since the 
first record of this series was taken. 
S years since the last. During this time 
the after-histories of a few cases have 
been mentioned® and a jireliminary rejiort 
inade.^ 

In this publication wo present the after- 

vou 211. N'D. 3 — 5r.rTrMTtr.n, 104“ 


histories of 90 persons wlio were between 
40 and So years of age when tested in 
1937-1939. Comparison between the orig- 
inal records and the after-histories lias 
disclosed a striking correlation. A large 
proportion of those whose ballistocardio- 
grams were unduly small, or abnormal in 
form, developed serious lieart disease dur- 
ing the decade which followed. 

Method. Sdcclion of Subjects. We chose 
as our subjects onl}’- those wlio believed 
themselves to be in good health and gave 
no historj’ suggesting cardiovascular disease 
or any chronic ailment except as follows: 
Several persons with a historj' of occasional 
seasonal asthmatic attacks and 2 cases of 
pulinonarY' tuberculosis who had been ar- 
rested for year.^ were not excluded. More 
debatable is the inclu-sion of 2 subjects who 
had once had transient attacks of auricular 
fibrillation. Both had been carefully .stud- 
ied and no cardiac abnormality had been 
disclosed, and they considered thcinselve-' 
to be in e.xccllont health. In addition, a few 
other insfance-s of ill health preceding the 
tests arc described in the case reports. 

When testing the older subjects we some- 
times discovered ahnonnal Idood pressures 
of winch they had been ignorant, and it 
was Imrd to decide what value should be 
accepted a.s nonnal in this older age group. 
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Those subjects with reall}’' high values were, 
of course, excluded from this series. We 
included 1 tense indi%udual with a blood 
pressure of 170/100, thinking that the eleva- 
tion was largelj’- emotional. Aged 72, he 
was unusua% athletic and considered him- 
self in good health. All others included had 
pressures lower than this. 

Technique of the Test. The ballistocardio- 
grams were taken according to our standard 
technique,^ i. e., with the subject recumbent 
and after a 15 minute rest period in this 
position. The blood pressure was taken 
also. No records were made within 2 hours 
after a meal. 


weight of 280 gm. causing a deflection of 
1 cm. Pulse rate is to be counted per min- 
ute. and body weight expressed in pounds. 

The value of K varies with the age of the 
subjects and it can be obtained from Table 1 
which also gives the standard deviations as 
a measure of the scatter of the data. We 
were disappointed to find that the scatter 
is larger than when our old formula, con- 
taining the factor for aortic cross-section 
was used.'* 

\\Tien cardiac output, or simply the ampli- 
tude of ballistocardiograms, is referred to 
body weight it is far from certain how one 
should interpret results secured on persons 


Table 1, — Values fob K and Standard Deviations Debu'ed Fbom a Statistical Analysis of 
Ballistocardiogbams on 163 Persons Who Did Not Develop Cabdiovascular 
Disease in the Following & to 10 Y'eabs 

Scatter of data 

A^e Sigma 

(yrs.) No. of cases K in % of mean 


Using actual weight in pounds 


Using ideal weight in pounds . 


Calculation of Results. In reidemng the 
series the original records were remeasured 
and the data recalculated. In the inteiw'en- 
ing j^ears doubt has arisen concerning the 
use of the aortic cross-section area as a fac- 
tor in the calculation of cardiac output.^ 
Experiments to clarif3'- the point have been 
delayed bj"^ war duties and have not yet been 
completed, so we tried various methods of 
calculation. Results obtained by the old 
“area formula’’^.'! w'ere analyzed in a prelimi- 
nary report^. In this paper we have used the 
“area formula” with the aortic factor omit- 
ted, altering the constants to give a figure 
which was a percentage deiiation from the 
average of normal persons and not an abso- 
lute value. This formula was as follows: 

Percentage deviation from normal = 

100 

To use this formula the areas of the I and 
J waves were measured as described in 
preidous papers,’-^ our ballistocardiograph 
being calibrated in the usual manner, a 
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too fat or too thin. For this reason the 
results were calculated both in te'ms of 
actual, and of ideal weight, the latter value 
derived from age and height according to 
actuarial data.= 

The new formula can thus be used as a 
measure of the normality of anji^ case, but 
a serious question should be raised first. 
Should the standard of normality for anj' 
person be derived from data obtained in his 
age group, or should the results be compared 
with those obtained in healthy jmung 
adults? Those favoring the first plan should 
use a different K for each decade of life; 
those belie'vang in the second should use 
only one value for K, that obtained in the 
20-29 age group. Inspection of the data 
inclines me to favor the second plan. Bj' 
it manj' healthj' persons over 50 years of 
age win be judged abnormal but the after- 
histories indicate that it is in this group 
that heart disease may be expected to occur 
with unusual frequencJ^ And the fact that 
an older person has a circulation equal to 
that of healthj' j-oungsters seems more 
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worth knowing than his delation to his own 
age group. But this conclusion might well 
be debated and only prolonged experience 
will permit a final decision on the point. 

Needless to say, this formula is designed 
to estimate cardiac output relative to the 
normal, but our ability to detect cardiac 
abnormality does not depend on our abilit}'^ 
to calculate cardiac output correctly, and the 
conclusions of this paper could be presented 
entirely without reference to cardiac output. 

Obtaining After-histories. Continued con- 
tact with the great majority of the persons 
tested in 1937-1939 was an easy matter. 
When sick they came to the University Hos- 
pital in most instances. Six died in this 
hospital and necropsies were obtained on 3. 
Three died in other hospitals and detailed 
data could be obtained, but there were no 
necropsies. Two died suddenly and unex- 
pectedly while going about their business. 

When sick, the subjects usually consulted 
some member of the staff of the University 
Hospital. I am indebted to Dr. C. C. Wol- 
ferth. Dr. F. C. Wood, Dr. T, G. Miller and 
Dr. R. L. Masmek for placing records at 
my disposal. 

Contact with those in good health was 
also easy as most were still working in the 
medical school or hospital. A few who had 

moved away were reached by letter. 

« 

Results. Typical ballistocardiograms 
secured in 1937, 1938 and 1939 areshow'n 
in Figure 1. The results of the calculation 
arc given in Figure 2, where the after- 
histories are indicated by difl'erent sym- 
bols. In Figure 2 the results obtained on 
any subject can be related both to those 
obtained on subjects in the same age 
group and, by means of the scale to the 
left, to those secured on healthy persons 
between 20 and 30 years of age. 

W'hen ideal rather than actual weight 
is used there is less scattering of the data 
given in Figure 2, and for that reason this 
method of calculation seems preferable. 
In the case reports given below, ideal 
weight was used unless the reverse is 
stated. But, as a glance at Figure 2 will 
sliow, it makes no difference to the con- 
clusions whether actual or ideal weiglit is 
employed as a standard of reference for 
the sire of ballistocardiograms. 


The results secured on the most inter- 
esting cases will now be presented in 
detail. 

Subjects Who Gave Balllstocardio- 
GRAMS Abnormal in Form. Four of our 
subjects gave ballistocardiograms abnor- 
mal in form when tested between 1937 
and 1939. 

Subject X. L. always impressed me as a 
rather sluggish individual when I knew him 
in 1939. The record obtained then is shown 
in Figure 1. It is so confused that the iden- 
tification of systole would be difficult for an 
inexperienced person. The form varies from 
beat to beat. K is the only conspicuous 
wave and both I and J are grossly abnormal 
in most complexes. X. L. was 40 years of 
age when this test was made and he thought 
of himself as in good health at that time. 

X. L. worked steadilj'- as a chemist for 
the next 8 j’^ears. Within a year before his 
death he had pas ed a life insurance exam- 
ination and took out insurance. In the 
summer of 1946 a medical friend noted he 
was more dyspneic on exertion than before. 
In the fall of 1946 he received news of the 
death of his mother, and started for her 
home bj' motor. After traveling about 
100 miles he. complained of feeling badly 
and stopped the car before a drug store. 
His wife entered the store to obtain medicine 
for him, and when she returned he was lying 
dead over the wheel. 

Sxibjcct C. N. was 4S when his record 
was obtained in 1937, and I would have 
judged him to be in excellent health, as he 
lu’mself believed. This record was normal 
in all ways except one. The H wave approxi- 
mately equalled the J wave in height in 
everj’- complex, producing an abnormality 
of the “early M” tj'pe. At the beginning 
of mj' experience* I did not regard this as 
a serious abnormalitj*, but I have seen it 
in increasing frequency in manifest coronary 
heart disease and have published some 
records of this type.* 

C. N. suffered from an attack of cardiac 
infarction in 1940. The .‘symptoms and 
electrocardiographic changes were typical. 
The course was mild and recovciy' practi- 
cally complete. During the war he served 
with distinction in a job requiring chieflv 
desk work. At present he thinks it wise to 
avoid unusual e.xertion but he leads an 
active life and has no sjTnptoms. 
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Subject M. T. had served as a technician 
in the hospital laboratory for over 20 3 'ears. 
He was 57 j^ears old when tested in 1937, 
and considered himself in excellent health 
as did I. His ballistocardiogram was cer- 
tainly not normal. The larger comple.ves of 


afte • this test and' I regained contact only 
after some difSculty. When I finallj’- found 
him in 1947 he reported that he had re- 
mained in excellent health and denied all 
sjTnptoms which might suggest cardiac dis- 
ease. A second ballistocardiogram taken in 



Fig. l.—Baliistocardiograms taken on supposedly healthy persons in 1937, 193S and 1939. 

Record of O. C., aged 56. A normal record. He has remained in good health. Second— Becoio ol, 
M. R., aged 79. A normal record with an unusual amplitude for his age. He is alive and active at 
present, aged S7. TAird— Record of F. G., aged 59. Normal in form, amplitude below average normal 
for that age but not below the lower limits of normal. This subject developed angina pectoris. F ourth— 
Record of K. A'., aged 74. A record much reduced in amplitude. The subject developed angina 
pectoris. Fiflh—'Recovd of G. E„ aged 74. A record of abnormallj- small amplitude. He developed 
angina and died of cardiac infarction. *5tarM-*-Kecord of D. G.» aged 63. A record of abnormally small 
amplitude. He developed cardiac infarction 6 years later. Seventh — Record of X. L., aged 46. A record 
vcrv abnormal in form. He dropped dead 7 years later. Eighth — Record of S. V., aged 61. A normal 
record. He dropped dead in 1945, necropsy showed cerebral hemorrhage and a normal heart. (Records 
reduced to three-fifths actual size.) 


his 137)1031 respiratoiy C 3 'cle were either 
normal or nearH so, but the 3 or 4 smaller 
comple.ves were distorted, the I wave being 
small or absent and J ware so diminished 
in size that it hardi)’ rose abot'e the base 
line in man 3 ' complexes. 

M. T. left the IJniversitj' Hospital soon 


1947 was quite similar to the first but per- 
haps not quite so abnormal as the percentage 
of abnormal to normal comple.ves was smaller 
than in 1937. 

Subject D. H., a physician, was 63 years 
of age when tested in 1937 and thought of 
himself as in good health, as did I. The 
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ballistocardiogi'am was very abnormal. Only 
an occasional large complex was normal in 
form. In the rest, the abnormality varied 
from beat to beat with the respiratory cycle. 
The most abnormal were of the typical late 
downstroke type with I very shallow and 
rounded, J low and wide and K deep and 
conspicuous. An occasional complex was so 
small that the waves were hard to identify. 
Various forms intermediate between these 
and the normal occurred in other complexes. 


D. H, has vTitten me that he had his first 
attack of coronary infarction in July 1940 
and he describes it as moderately severe. 
A second such attack in June 1942 was de- 
scribed as slight, anotlier in September of 
that year, as moderate. Further attacks in 
1943 and 1945 were described as slight and 
moderate. Between these acute episodes 
there has been an occasional attack of angina 
pectoris. At present he has retired from 
practice, avoids undue exertion, and suffers 


DATA REFERRED TO ACTUAL WEIGHT 



AGE 40 TO 49 

AGE 50 TO 59 

AGE 60 And OVER 

PERCENTAGE 

O 



DEVIATION 

FROM 



Y0UN6 ADULT 

mean 



+20— 



— 

0— 

ooo 

ooo 

o 

X ' — 


c?a 


o 


o6^o 

o 


-20— 

o(?oho 

o 

A-sOi-V 

X. 


om 

o o 

oo 

-40— 

oo o* 
oS^o 




o 

OOOOt- 

^ o 


o o 

• • 

00 0-1- 

“60— 

• 


w 

• 


DATA REFERRED TO IDEAL WEIGHT 


+ 20 — 


AGE 40 TO 49 


AGE 50 TO 59 AGE 60o-,d OVER 


0 — 

OOO 

-20— 

O 

OO OO 

O O 

OOOOx 

-40— 

°§X* 


o 

-60— 


ABNORMAL 

FORMS 

4 • 


o 

X 

o 

o 

ooo 

o 

o o 

o 



>C^O^ono 

oo o4- 

o 

o +• 

• 

• 

• • 


• o 


Fio. 2.— Comparison hoUveen the after-histories and the relative amount of tlie circulation a-- calcu- 
lated from the tinio-nniplitude of Iwllistocardioprams t.aken in 103^ and 1039. The data are 

referred to the subjccf.s’ actual wcinht in the upper diaftram, to their idea] noicht in the lov.er! Tlie 
scale to the left is based, not on the data hero ^dven, but on tlie statistias of .31 he.althv persons beluecn 
20 and 30 years of aue. Zero has been placial .at the nic.m of this m-oup. The normal limit- of thi- 
cnnip. defined as twice the st.andnrd deviation, are *3,3?; from the mean when referred to actual 
iveicht. Aopr; when referred to ideal weicht. The diflerent .-ymt^Is in-licate the after-historic- A 
'^. . nmiained well until I.nJT.- •. develof.e<l ooronnry lieart di.-ea-e; a., ,iie<i of heart di-e—e- V dtoO 
without develoiuiiK heart (U-case. " 
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only from an occasional feeling of constric- 
tion in the chest. He has undue dyspnea 
if he performs any unusual exertion. 

Subjects Who Had Ballistocardio- 
grams Normal in Form. Subjects Who 
Developed Heart Disease. These are repre- 
sented bj’- black dots and crosses in 
Figure 2, and by records 3, 4, 5 and 6 
of Figure 1. One sees at a glance that 
these cases had ballistocardiograms with 
systolic complexes smaller than most 
others of their age group, and conspicu- 
ously smaller than the records obtained 
on healthy young adults. 

In Figure 2, where the data are referred 
to ideal weight, 4 of our subjects deviated 
from the average normal of the 20 29 age 
group by over 55%. These had smaller 
ballistocardiographic deflection than any 
other subjects tested, and their after- 
histories will be presented first. 

Subject F. D. was 69 years of age when 
tested in 1937. He had suffered from 
asthma in his youth but had bad no attacks 
for years, and considered himself in good 
health. His ballistocardiogram was unusu- 
ally small in amplitude, —58%. He re- 
mained in good health until 1940 when he 
consulted me and gave a tj^pical history of 
mild angina pectoris after unusual effort. 
At that time he had no difficulty climbing 
2 flights of stairs if he did not rush. In 
1941 attacks of severe breathlessness re- 
turned, whether of cardiac origin or a re- 
crudescence of bis old asthma caimot be 
stated with certainty. He was admitted to 
a hospital in another city but before a study 
could be made, fell or jumped from the 
window and was found dead on the pave- 
ment below. Necropsy was not performed 
because the subject, always interested in the 
medical profession although not a doctor, 
had willed his body to the Harvard Medical 
School for dissection; a fact I mention as a 
tribute to him. 

Subject K. V. had always had excellent 
health and was 74 years old when examined 
in 1938. This ballistocardiogram, repro- 
duced in Figure 1, was extremety small in 
amplitude, the measurements debating 
from the normal voung adult average by 
-60%. 

She developed tj-pical mild angina 4 years 


later and has continued to suffer from such 
attacks. She is alive today, aged 83, her 
actmty greatty limited by a severe arthritis 
of both knees which makes it impossible to 
say what her e.xercise tolerance would be. 
She has no attacks at rest. 

Subject D. G., a physician, was 63 when 
tested in 1939 and considered himself to be 
in the best of health. His ballistocardiogram 
is reproduced in Figure 1. The waves are 
abnormally small and J fails to dominate 
the record, not exceeding H in many com- 
plexes. I and J, though small, are normal 
in form, the calculation gi^'ing a deviation 
of —60% from the average of healthy young 
adults. 

This subject suffered from an attack of 
typical coronar}^ infarction in 1945 and was 
treated in the University Hospital. He 
made a good recovery but did not resume 
the practice of medicine. He now writes 
that at present he is careful of himself and 
takes no severe exertion. On this regimen 
he has had no angina, but he notices some 
undue d 3 'spnea on mild exertion. 

Subject F. G. was 59 years old when tested 
in 1937, and was leading a verj' strenuous 
life at that time, even for one of the medical 
profession. His ballistocardiogram was nor- 
mal in’ form; it showed abnormally small 
deflections, the calculation being —58%. 
He had a typical attack of coronarj’^ infarc- 
tion in 1939, and 2 minor episodes since 
that time may have been of the same nature. 
He made a good recoverj’-, and at present, 
aged 70, seems to be working almost as hard 
as ever. 

The other cases who developed heart 
disease, with one exception, gave ballisto- 
cardiograms with abnormally small deflec- 
tions compared with the healthy j'oung 
adults and also with the majority of their 
age group, but thej’’ do not stand con- 
spicuousl}’^ alone in Figure 2 as the cases 
mentioned above. 

Subject G. E. was 74 3 'ears of age when 
tested in 1939. Three 3 'ears before this date 
anemia had been discovered and a diagnosis 
of pernicious anemia (?) had been made. 
The anemia responded poorly to reticulogen 
and there was doubt as to the diagnosis. 
Slight pain suggestive of anpna pectoris had 
occurred at this time but this had disap- 
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peared after his blood had slowly returned 
to normal. The diagnosis of angina pectoris 
was not made by the attending physician in 
1936. 'Wlien tested in 1939, G. E. considered 
himself to be in perfect health and his blood 
count was entirely normal. He was, how- 
eA'er, taking liver extract. The record is 
reproduced in Figure 1, the calculation 
was —51%. 

Angina pectoris was first diagnosed in 
1942. In October 1943 he had a severe 
attack of constant substernal pain and was 
admitted to the University Hospital where 
acute coronary occlusion was diagnosed. 
The electrocardiogram strongly suggested an 
acute infarction involving the posterior and 
possibty also the lateral surface of the left 
ventricle, with partial heart block. He went 
downhill steadilj'^ and died 6 weeks after 
the ohset. There was no necropsJ^ Because 
of trouble anteceding the ballistocardiogram 
there is doubt whether this patient should 
be included in our series. 

Subject D. H., a ph 3 ’'sician, was 85 j’^ears 
old when tested in 1938. He was well pre- 
served and insisted that his health was 
excellent. Indeed he came to the hospital 
only because of a laceration of the scalp. 
P. E. disclosed a rough sj'stolic murmur, 
and arteriosclerosis of the palpable vessels. 
The electrocardiogram was normal. The 
heart Avas normal in size by Boentgen raj'. 

He was readmitted to the University 
Hospital in 1940. The heart Avas now slightty 
enlarged bj' Roentgen raj”^ and the electro- 
cardiogram shoAA'cd diphasic T AvaA^es in 
Leads 1, 2, CF, and CFt. His prostate AA-as 
moderately enlarged, B.P. 160/90, Roentgen 
raj*^ of the chest showed emphj’sema. The 
cardiac murmurs Avere more ijrorainent 
and arteriosclerotic heart disease Avas diag- 
nosed. He did fairlj* well until the age of 
92 Avhen he developed a left hemiplegia and 
died seA’cral Aveeks later at the Philadelphia 
General Hospital. I can find no record of a 
necropsy. 

Subject A’. E. AA'as 65 Avhen tested in 1939, 
and considered himself in excellent health. 
His ballistocardiogram Avas normal in form 
but undulA’ small, the doAuation being —40%. 

He continued in good health until 1946. 
Then, Avhen at Avork in the laboratorj' he 
tlevclopcd a procordial pain of moderate 
scA'crity. He Awalkod to the UniA'crsity 
Hosjiital and AA-as admitted. Electrocardio- 
gn\m lAoxt day indicated a posterior cardiac 


infarct. He died suddenty the day after. 
Necropsj’^ confirmed the diagnosis of acute 
posterior cardiac infarction; death AA-as due 
to rupture through the infarct. Both cor- 
onaries shoAA-ed manj'- places Avhere the lumen 
AA'as greatty reduced. 

Subject H. B., an orderly, Avas first tested 
in 1937. This record and 3 subsequent ones 
AA'ere reproduced in a preAuous communica- 
tion,® and I haA'e little to add to the earlier 
after-historj' there recorded. The first 
record deA'iated from the aA'erage of healthy 
persons by —44%. He suffered from a 
typical attack of posterior cardiac infarction 
in 1939 AA'hich was ti-eated in the University 
Hospital. He recovered from the acute 
episode, but suffered from angina pectoris 
AA'hich increased in se\'erity until he was 
forced to leave his job as hospital orderly 
in 1941. He could not be folloAA-ed further. 

Subject I. G. Avas 57 j-ears old AA-hen tested 
in 1937, and Avas in excellent health. The 
ballistocardiogram was normal in form but 
unusuallj' small; the calculation shoAved a 
dcAriation of —44%. 

The after-history of this case AA'as com- 
pletely giA'en in the 5 year follow-up.'* 
Angina pectoris was first diagnosed in 1942. 
His last illness began AA'ith pneumonia com- 
plicated by emphysema; AA-hile convalescing 
he died suddenlj'. Necropsj’ shoAved severe 
AAndespread arteriosclerosis of the coronary 
arteries and an infarct of the lateral AA-all of 
the left A-entricle AA-hich AA-as judged to be 
seA-eral daj's old. 

Subject K. V. AA-as 53 AA-hen tested in 1939; 
he gave a historj* of a transient attack of 
auricular fibrillation seA-eral 3-ears before, 
but he denied all other s3'mptoras of cardiac 
disease. The record AA-as normal in form 
and deviated from the aA-erage of healtliA- 
3-oung adults b3' —37%; it is reproduced in 
Figure 1. 

This subject dcA-eloped angina pectoris 
after unusual effort; the onset Avas gradual 
and it is hard to date. He has continued 
to suffer from it but at present, aged 61, he 
is leading an active and useful life as a 
pln-sician. 

Subject C. A'. AA-as mentioned under the 
heading of abnormal records but we haA-e 
included his data in Figure 2 because the 
abnormality did not affect the I and .7 AvaA-es 
used to estimate cardiac output. His record 
dcAiates 1)3- —41% from the aA-erage of 
healtln- A'oung adults. 
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The subjects described above all had 
circulations believed to be abnormally 
small. The last case is the only exception. 
Although not so in absolute size, in terms 
of ideal weight, the deflections of 4;his 
subject’s ballistocardiogram were larger 
than those of anyone else in the same age 
group. 

Subject S. C. was 44 years old when tested 
in 1937. Interpretation of this record is 
rendered difficult b}" the fact that the sub- 
ject was unusuallj' small, only 4'4'’ in height 
and 98 pounds in weight. Using our usual 
criteria the calculation de^nates from the 
average of health 3 ' j'bung adults b}' 4-20%. 
There was a historj”^ of rheumatic fever in 
1928 but no cardiac lesion had ever been 
demonstrated. The gall bladder was re- 
moved in 1936 for calculus cholec 3 ^stitis; 
recover 3 '’ from the operation was complete. 
However, in 1942 when hill climbing at high 
altitude in Colorado there was an attack of 
pain of brief duration “undoubtedly angina 
pectoris.” The same 3 'ear at Philadelphia 
there were 2 similar attacks after running 
to catch a bus. In 1944 a previously un- 
recognized chronic urinar 3 '’ tract infection 
was discovered and this required treatment. 
At present (1947) the subject can walk long 
distances without distress but is perhaps 
unusuall 3 ' short of breath on stair climbing. 
A ph 3 "sician especiall 3 ' interested in this case 
wonders whether this subject has more 
“heart disease” than the average person of 
the same age. 

Cases Who Died Without Develop- 
ing Heart Disease. 

Subject K. R. was 65 when tested in 1939 
and appeared in e.xcellent health. His 
ballistocardiogram was larger than anyone 
else in his age group, de^dating from the 
average of healthy young adults by —13% 
which placed him well within normal limits 
for that group. In 1941 he was admitted 
to the hospital because of gastro-intestinal 
s 3 'mptoms. Laparotom 3 ' disclosed an in- 
operable carcinoma of the rectum. He died 
4 months later of uremia after a period of 
anuria. Permission for necropsy was refused. 

Subject S. V. was 61 when tested in 1939. 
A famous football player in his youth, he 
was in excellent health. His ballistocardio- 
gram shown in Figure 2 was entirely normal. 
In size it was above the average of his age 


group and —34% in relation to the average 
of health 3 ’^ young adults. 

This subject was in excellent health until 
the da 5 ’- of his death. In 1945 while attend- 
ing to his medical duties he fell unconscious 
and died in a few minutes. The necrops 3 " 
demonstrated a subarachnoid hemorrhage 
due to rupture of a small congenital aneur- 
ysm. The heart was normal. 

Subject H. T. was 47 years old when 
tested in 1939. For many years he had 
taken alcoholic beverages in large amounts 
but he certainly considered himself to be in 
good health. His ballistocardiogram was 
normal in form but one of the smallest of 
his age group, and it deviated from the 
average of healthy 3 mung adults by —44%. 

This subject remained in reasonabb'^ good 
health until 1945 when he first noted weak- 
ness, loss of weight and distention of the 
abdomen. Examination disclosed slight 
jaundice, a liver edge down to the umbilical 
level, and a doubtful mass in the left lower 
quadrant. Laparotomy disclosed cirrhosis 
of the liver with ascites. The gall bladder 
was distended so a cholec 3 ’^stostomy was 
done. He went down hill rapidly and died 
7 days after the operation. Necropsy show- 
ed a typical Laennec’s cirrhosis wdth ascites, 
fibrocaseous tuberculosis of the lungs both 
active and inactive, and 2 ulcers in the 
terminal ileum. The heart wns normal. 

Subject N. 0. w'as 48 wffien she w’as tested 
in 1938. Her record wns normal in form 
and but little beloiv the mean of her age 
group in size. It denated from the average 
of normal young adults b 3 ’^ —34%. 

This subject remained in good health until 
a few months before her death in 1940. 
After becoming acutely ill she entered the 
Universit 3 ' Hospital. The Roentgen ray 
disclosed widespread lesions of both lungs 
judged to be due to metastatic malignane 3 '. 
She soon developed hemiplegia and died. 
There w'as no necrops 3 L 

Subject X. R. was 72 wdien tested in 1938. 
In his 3 muth he had been a famous athlete, 
holding a world’s record, and he had alwa 3 's 
kept himself in top ph 3 'sical condition b 3 ' 
vigorous regular exercise. He suffered oc- 
casionalh' from asthmatic attacks during the 
pollen season. A blood pressure of 170/100 
was found and judged to be due to tenseness. 
The ballistocardiogram was normal in form 
and above the a%'erage of his age group in 
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size. Indeed it was well within the normal 
limits of the healthy, young adults. 

About 2 years before his death in 1942 he 
developed symptoms of prostatic obstruc- 
tion but he refused both surgical treatment 
and medical supervision until near his end. 
He died of urinaiy tract infection and uremia 
in another hospital. There was no necropsj'. 

Concerning a Case Who RE^LUNED 
Well Despite Advanced Age. Just as 
interesting as the after-histories of those 
who fell ill is that of Subject M. R., who 
was 79 at the time of the test in 1939. 
He considered himself in excellent health 
then and his ballistocardiogram is repro- 
duced in Figure 1. Normal in every way 
its size places it near the top of his- age 
group and not far from the average normal 
of healthy young adults. 

Consistent with this surprisingly nor- 
mal record at such an advanced age, this 
subject is alive and well today, aged 87, 
and seems as active as he ever was. 

Discussion. Inspection of the records 
shown in Figure 1 shows the main feature 
which I wish to emphasize. The patients 
whose records were abnormal in form, or 
abnormally small in amplitude, developed 
heart disease in large numbers during the 
decade following. 

Measurements of these records confirm 
the impression gained by inspection, 
although there is some doubt as to how 
the figures obtained by measurement can 
best be applied to the detection of ab- 
normality. Our’ data were first used to 
calculate cardiac output according to our 
original “area” formula,'* and the results 
expressed this way were given in a pre- 
liminary report.® \Mien compared in this 
way the subjects who eventually devel- 
oped serious cardiac difficulty were found 
to have had cardiac outputs low in rela- 
tion to subjects of the same age group, 
and even lower in relation to healthy 
young adults. But the use of the factor 
reprosonting aortic diameter, present in 
our old forimda,® seems no longer justified 
in a calculation of cardiac output." Thcre- 
forv' in calculating the data recorded in 
I’igtire 2 it was omitted. By so floing the 


decline in amplitude of ballistocardio- 
grams as age advances is more clearly 
sho^\^l; a finding consistent with the dimi- 
nution of cardiac output as age advances 
suggested by the data of Cournand et al.^ 
By this method of calculation the abnor- 
malities of those who eventually developed 
heart trouble are emphasized even more. 

Another uncertainty is how the measure- 
ments of the ballistic record should be 
related to body size. In Figure 2 we have 
calculated the results in terms of both 
actual and ideal weight, the latter derived 
from age, sex and height in accordance 
wdth actuarial tables.- The second method 
reduces the scatter of the data. Inspec- 
tion of Figure 2 demonstrates that the 
cases eventually developing heart disease 
gave conspicuously low values when either 
actual or ideal weight was employed. 

It is indeed striking that each of the 
6 cases giving records whose amplitude, 
referred to actual weight, differed from 
the average of healthy young adults by 
more than 52 % developed coronary heart 
disease within 10 years. When ideal 
weight is employed, this is true of only 
the 4 lowest cases; but a line dravm at a 
level of —44 % below the mean of healthy 
young adults di\ndes the data so that 
50% of the cases below developed heart 
disease, in contrast to but 5% of those 
above; a highly significant difference. 

There is, however, 1 case which is a con- 
spicuous exception to the generalization; 
that those fated to develop heart disease 
have abnormally small impacts before 
their disease becomes manifest. In the 
40-49 age group is 1 subject (S. C.) who 
showed a record far larger than the others 
in this group, but who has had 3 attacks 
which may ■well have been angina on 
most unusual exertion. I make no pre- 
tense of having a completely satisfactory 
explanation of a finding so far from my 
expectations, but several thoughts come 
to mind. In 2 well-known conditions, 
hyperthyroidism and abnormal arterio- 
venous communications, a prolonged per- 
iod of increased circulalton often leads to 
serious cardiac abnonnality. This patient 
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certainly did not suffer from either of 
these conditions, but one may wonder 
whether some other unknomi condition, 
causing the hyperkinemia demonstrated 
in 1938, may not have been leading to 
cardiac abnormality in similar fashion. 
Perhaps more to the point is the unusual 
size of this subject who was onlj' 4'4" tall; 
a factor which of itself raises doubt 
whether the data should be compared 
with those obtained in the series of more 
well-developed persons. But as I have 
reported other instances of patients with 
normal ballistocardiograms before and 
after an attack of coronary occlusion,® it 
seems evddent that exceptions are to be 
expected. The point is, that if the ballisto- 
cardiogram is normal, the chances of de- 
veloping coronary heart disease are much 
diminished. 

Of equal interest is the after-history of 
a very active old man of 79 whose ballisto- 
cardiogram in 1939 was similar to that of 
the average healthy young adult. Ap- 
parently he had indeed the spirit of youth 
within him for today at 87 he seems as 
active and as healthj' as ever. 

Summary. Eight-to-10 year after-histo- 
ries have been secured on 90 supposedly 
health^' persons over 40 years of age 
tested on the ballistocardiogram during 
1937, 193S and 1939 for the purpose of 
compiling normal standards. 

Four of these subjects had ballistocar- 
diograms abnormal in form. Tliree of the 


4 developed coronarj'- heart disease ‘in the 
years which followed. • 

In 86 subjects the ballistocardiograms 
were normal in form. These results have 
been arranged according to the size of the 
ballistocardiogram as related to actual 
and ideal weiglit. The 6 cases gi%nng the 
smallest records in proportion to actual 
weight developed coronary heart disease. 

A line can be drawn through the data 
at a level 44% below the average of 
healthy young adults referred to ideal 
weight. Of these cases, 50 % falling below 
the line developed serious heart disease, 
in contrast to 5% of those above; a highly 
significant difference. 

Five subjects who gave ballistocardio- 
grams normal in form and amplitude dur- 
ing the j^ears 1937, 1938 and 1939 died 
within the ne.xt 8 to 10 years. None of 
them developed clinical e\idence of heart 
disease, and in 2 the heart was normal at 
necropsy. 

A man of 79 gave a ballistocardiogram 
whose amplitude was above that of most 
others in his age group and indeed equal 
to that of many young adults. He is now 
well and active at the age of 87. 

A ballistocardiogram abnormal in form, 
or of unusually small amplitude is of 
serious prognostic significance. 

The ballistocardiographic method gives 
promise of identifying coronary heart dis- 
ease far earlier in its course than has been 
possible hitherto. 


REFERENCES 

1. CoCRKASD, A., Ricev, R. L., Reed, E. S., Baldwin, E. F., and Rich.\bds, D. tV.: J. Clin. Invest.. 
24, lOG, 1945. 

2. D.wexport, C. B.: Body Build and Its Inheritance, Pub. 329, Carnegie Institute of Washington, 
1923. 

3. Stake, I., Rawsox, A. J., Schboedeb, H. A., and Joseph, N.: Am. J. Physiol., 127, 1, 1939. 

4. Stabb, I., and Schboedeb, H. A.: J. Clin. Invest,, 19, 437, 1940. 

5. St.veb, I., and Wood, F. C.: Am. Heart J.. 25, SI, 1943. 
r>. St.vrr. I.: Trans. .Assn. .Am. Phj's., 59, 180, 194G. 

7. Starr, I.: Fed. Proc.. 3, 45. 1944. 



WHITE, AUGUST, lUICHIE: HYDROTHORAX IN CONGESTIVE HEART FAILURE 243 

HYDROTHORAX IN CONGESTIVE HEART FAILURE 
By Paul D. ^^^ite, M.D. 

CLINICAL PROFESSOR OF MEDICINE, HARVARD MEDICAL SCHOOL, AND PHYSICIAN, MASSACHUSETTS GENERAL 

HOSPITAL 

Stanley August, M.D. 

AND 

Catharine R. Michie, M.D. 

nESEARCH FEI.EOW IN CARDIOLOGY, MASSACHUSETTS GENERAL HOSPITAL 
BOSTON, MASSACHUSETTS 

(From the Cardiac Laboratorj% Massachusetts General Hospital) 


For years our interest, like that of 
other physicians dealing with many cases 
of congestive heart failure, has been at- 
tracted by the preponderance of right 
hydrothorax in such patients. The prob- 
lem of its mechanism has been difficult 
to solve and there has also been some 
difference of experience concerning the 
relative incidence of right, left and bi- 
lateral hydrothorax in congestive heart 
failure. Stimulated by recent papers on 
the subject, particularly by that of Bed- 
ford and Lovibond,^ which has differed 
somewhat from our o\\ti experience, we 
have reviewed 100 cases of hydrothorax 
in congestive heart failure encountered at 
autopsy at the hlassachusetts General 
Hospital during the past 10 years and are 
reporting that analysis herevdth. 

The literature on the subject has been 
reviewed by Bedford and Lowbond in 
their recent article. These authors ana- 
lyzed 34G cases of congestive failure of 
which 136 showed hydrothorax as deter- 
mined mostly by Roentgen ray examination 
(89 cases) and by paracentesis or necropsy 
in 20 of the remaining 47 cases. Hydro- 
thorax was found in 45 of 109 necropsies. 
Of the 136 clinically studied cases, 68 had 
right hydrothorax, 42 left and 26 bilateral, 
thus showing a preponderance of right to 
left hydrothorax except in the cases of 
hypertensive heart disease with normal 
rhythm in which the ratio was reversed 
(left : right ;; 19: 10). In their scries of 
45 cases studied postmortem, right hydro- 
tliorax ‘Was found 11 times, left 9 and 
bilateral 25. 

Bedford and Lovibond have cmph.asizcd 
the importance of the pulmonary circula- 
tory venous drainage .as well as of the sys- 
temic in the development of hydrothorax. 


The Present Series. We have studied 
the autopsy and clinical records of 100 un- 
selected cases of congestive heart failure 
with hydrothorax that died at the Massa- 
chusetts General Hospital from 1933 to 
1941 in order to determine the relative 
incidence of right- and left-sided effusion 
in ioio and according to the types of heart 
disease and the primary strains (that is, 
left ventricular and right ventricular) 
involved. It is essential to base such a 
study on postmortem data, not only for 
greater certainty as to the t^^pe of heart 
disease and the heart chamber chiefly af- 
fected, and to establish more accurately 
the presence, character and amount of 
pleural fluid on both sides, but to ascer- 
tain the vitally important facts concerning 
adhesions or even obliteration of either 
pleural cawty and the possible presence of 
pulmonary infarcts, conditions that are 
difficult or impossible to diagnose clini- 
cally, even with the help of the Roentgen 
ray. It is true that such a study does not 
take into account the early or mild cases 
of congestive heart failure but such cases 
rarely show hydrothorax anwvay, and the 
bulk of the serious cases are presented in 
the autopsy series. 

Sex and Age. Of the 100 cases, 77 were 
male and 23 were female. Their ages 
varied as follows; 0 to 11 years, 1; 11 to 
20 years, 7; 21 to 30 years, 6; 31 to 40 
years, 15; 41 to 50 years, 15; 51 to 60 
years, 17 ; 61 to 70 years, 24; 71 to 80 years. 
13; 81 to 90 years. 2. 

The ainonnt of fluid varied from 100 to 
2000 cc. on a side, averaging about .500 
to GOO. 

The characicr of ihc fluid was tliat of a 
transudate, occasionally blood stained, in 
2 instances grossly bloody, and in 1 c.TSe 
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purulent on one side (due to a complicat- 
ing infection) but clear on the other side. 

The side of the hydrothorax: Unilateral 
right hydrothorax was more common than 
left in the ratio of 15 cases to 13 and it 
is of considerable interest that each of the 
13 cases of unilateral left hydrothorax 
had an important factor in addition to 
the congestive heart failure, 12 of the 
cases shelving complete obliteration of the 
right pleural cavity and the 13th infarc- 
tion of the left lung alone. Only 2 of the 
15 cases with unilateral right pleural 
effusion had an obliterated left pleural 
cavity, and only 2 others had unilateral 
right pulmonary infarction. The remain- 
ing 72 cases had bilateral pleural effusions, 
equal in almost half (34 cases), but in the 
other 38 cases much more preponderant 
on the right side than on the left in the 
ratio of 30 cases to 8. 

The etiologic types of heart disease: 
Rheumatic heart disease was more com- 
monly encountered than any other type, 
being found in 34 cases, alone in 32 and 
complicated in 2 others (in 1 ivith hyper- 
tensive heart disease and in the other 
with coronarj' heart disease). Of the 32 
uncomplicated cases, 28 had mitral sten- 
osis vith or without other valve lesions; 
onlj' 3 cases had predominantly aortic 
valve disease. Of the 32 cases, 5 had uni- 
lateral right and 3 others unilateral left 
hj'drothorax, the latter showing in 2 cases 
an obliterated right pleural cavity and in 
the other left sided pulmonary infarction. 
The effusion was bilateral in the other 
24 cases, equal on the 2 sides in 9, greater 
on the right in 9 and greater on the left 
in 6 (1 of these had a solitary left pul- 
monary infarct). The other 2 cases of 
rheumatic heart disease showed bilateral 
hydrothorax, preponderant on the right 
in the hypertensive patient and equal on 
the 2 sides in the patient with coronary 
occlusion. 

There were 28 hypertensive cases, un- 
complicated in 14 and associated with 
coronary lieart disease in 12, with rheu- 
matic heart disease in 1 (cited above), and 
with cardiovascular sj.'philis in 1. Of the 


14 uncomplicated cases, 3 show'ed uni- 
lateral right hydrothorax and 4 showed 
unilateral left hydrothora.x, those 4 all re- 
vealing obliterated right pleural cawties. 
The other 7 cases had bilateral effusion, 
equal on the 2 sides in 2 but greater on 
the right than on the left in 4 of the remain- 
ing 5 cases. The 12 cases of hypertensive 
and coronary heart disease showed uni- 
lateral right hydrothorax in 2, unilateral 
left in 1 wdth an obliterative pleuritis on 
the right, and bilateral effusion in the 
other 9 (equal in 7 and preponderant on 
the right side in 2). The case complicated 
by syphilitic cardiovascular disease had 
bilateral effusion, greater on the right 
than on the left, and also bilateral pul- 
monary infarction. 

Coronary heart disease was the type 
w'ithout complications in 21, 4 of w^hom 
showed unilateral right hydrothorax and 
2 unilateral left (both cases having 
obliterated right pleural cavities). The 
other 15 had bilateral effusions, equal on 
the 2 sides in 7, greater on the right in 7, 
and greater on the left in the remaining 
patient. The 12 cases of coronary and 
hypertensive heart disease have been re- 
ferred to in the preceding paragraph. The 
1 case of coronary heart disease compli- 
cated by rheumatic heart disease, cited 
above, had equal effusions on the 2 sides. 

Aortic stenosis of the calcareous types 
was present in 8 patients. There was a 
bilateral effusion in 7, 5 of whom showed 
more fluid on the right side than on the 
left, the sixth case showing equal effusions 
on the 2 sides, and the seventh more on 
the left than on the right. The eighth 
patient had a unilateral left hydrothorax 
due apparently to the combination of con- 
gestive heart failure and obliteration of the 
right pleural carity. 

One case with uncomplicated cardio- 
rascidar syphilis and congestive heart fail- 
ure showed bilateral hydrothorax greater 
on the right than on the left, as did also 
the other s^'philitic case, already men- 
tioned, complicated by h\'pertension. 

Chronic constrictive pericarditis was the 
factor in 2 cases of congestion. In 1 case 
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the hydrothorax was right-sided with an 
obliterated left pleural cavity and the 
other case showed the opposite picture, 
a left-sided effusion with an obliterated 
right pleural cavity. 

A single example of cor pulmonale 
showed a pure left-sided effusion with 
right-sided obliterative pleurisy. 

Out of the 100 cases surveyed, only 1 
was due to congenital heart disease (cor 
biatriatum triloculare) and this exhibited 
a liilaterally equal hydrothorax. 

The final gj'oup represents 5 cases of 
cardiac enlargement and* failure of rtn~ 
known cause. All had bilateral hydro- 
thorax, 3 equal in amount and 2 pre- 
dominantly right-sided. Pulmonary in- 
farcts were present in 3 cases, right-sided 
in 1 with predominantly right-sided effu- 
sion, and multiple in the other 2, I with 
chiefly right-sided and 1 with equal 
amounts of pleural fluid. 

2'ype of heart failure: An attempt was 
made to determine the incidence of left, 
right and bilateral heart failure. Cer- 
tainly the majority started as unilateral 
left strain; 14 hypertensive cases, 12 
hypertensive and coronary, 1 hypertensive 
and syphilitic (with aortic regurgitation), 
21 coronary and 12 others with aortic 
valve disease (stenosis or regurgitation or 
both), a total of 60, and yet these as 
noted above sliowed a slight preponder- 
ance of right hydrothoi'ax (31 cases), both 
unilateral (riglit D and left 8, all of the 
latter showing also obliteration of the 
right pleural cavity) and a greater amount 
wlien bilateral (right 22, left 3 and equal 
18). Of the 29 cases of preponderant 
mitral stenosis and hence primarily right 
ventricular strain, 12 showed either right 
or prctlominautly right-sided effusion, 
and 9 were predominantly left. Of the 3 
of thc.se which had unilateral left-sided 
effusions, 2 had obliterative plouritis on 
the right side and the remaining case 
showed loft-sided pulmonary infarction. 
.•\mong the other 6 cases with bilateral 
and chiefly left-sided effn.sion, 1 pre.sented 
a left-sided pulmonary infarction. The 
remaining 8 cases had bilateral equal 


effusions. The other case of right-sided 
strain, a case of cor pulmonale secondary 
to pulmonary endarteritis had a small 
left-sided effusion but also had oblitera- 
tive adhesions on the right. The remain- 
ing 10 cases of the 100 had primary strain 
on both ventricles, 5 of these showed 
equal effusions on the 2 sides, 3 showed 
more fluid on the right than on the left, 
1 showed fluid only on the right, and 1 
only on the left, explainable probably by 
obliteration of the opposite pleural cavity 
in each of the last 2 cases. 

At the time of death 73 of the 100 cases 
showed total heart failure, 14 apparently 
unilateral right, and 12 apparently uni- 
lateral left; the 100th case showed s.ys- 
temic congestion due to chronic constric- 
tive pericarditis. 

It is also worthwhile to call attention 
to the frequency of pulmonary infarction 
in this series of 100 cases of congestive 
heart failure; 30 patients (30%) sliowed 
such involvement, 15 or one-half on both 
sides, 11 in the right lung alone, and 4 in 
the left alone. Of the 15 cases with 
bilateral infarction, 11 .showed bilateral 
pleural effusions, with equal amounts in 
5 of tliem and preponderant right hydro- 
thorax in the other 6. Of the 11 cases 
with right lung infarction alone, 2 had 
unilateral right pleural effusion and 9 bi- 
lateral effusion (equal in 3 and with pre- 
ponderance on the right in tlie other 6). 
Of the 30 cases showing pulmonary infarc- 
tions, 26 had right-sided or multiple 
infarcts, and 16 of these showed either 
right-sided or predominantly right-sided 
effusions, and none sliowed left-sided and 
only 1 a predominantly left-sided effusion. 
Of the 4 cases showing left-sided infarcts 
only 2 had bilateral effusions, 1 equal and 
1 predominantly left-sided, and 2 had left 
unilateral effusions, I possibly due to an 
obliterative riglit pleuritis. 

In this scries 67 cases had electrocardio- 
grams. Eleven cases arc omitted because 
of obliterative pleurisy on the side oppo- 
site the effusion or because of pulmonary 
infarction on the .same side as the effusion. 
Of the remaining 56 cases. 17 showed 
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auricular fibrillation wdth 9 or half having 
right- or predominantly right-sided effu- 
sions. Among the 38 cases having regular 
rhythm, 27 or more than half showed 
right-sided or predominantly right-sided 
effusions. One case had complete heart 
block with bilateral effusion. The cases 
are further diwded into those showing 
right, left and total strain. The 15 cases 
of rheumatic heart disease represent those 
showing right strain. Eight of these 
showed auricular fibrillation and 7 had 
regular rhythm. In the cases with auricu- 
lar fibrillation, 3 had right or predomi- 
nantly right effusion, while among the 
cases with normal rhj'^thm, 4 cases had 
right or predominantly right effusion. The 
28 cases of coronary, hypertensive and 
aortic r^alvular disease are grouped to- 
gether under left ventricular strain. Of 
the 7 cases haring auricular fibrillation, 
4 cases showed chiefly right-sided effusion, 
while of the 21 cases vdth regular rhythm, 
14 cases showed largely right-sided effu- 
sion. Thus in this small series of cases, 
neither the rhythm itself, nor the rhythm 
combined with the type of heart strain, 
exhibits any correlation with the location 
of the pleural effusion. 

Another series of 100 cases of left ven- 
tricular failure were studied in relation to 
hydrothorax. In all cases, the diagnosis 
of hydrothorax was confirmed by Roent- 
gen ray. The patients entered the Massa- 
chusetts General Hospital between the 
years 1937-1945. Patients who entered 
because of left ventricular failure (acute 
pulmonary edema and dyspnea) were pri- 
marily used in this series. In addition, 
other cases vath primary left ventricular 
strain (such as hypertensive heart disease 
or aortic vahmlar disease) — some of whom 
exhibited signs of right failure later in the 
course of the disease — were included. 
However, no cases of rheumatic heart 
disease or primary right ventricular strain 
were used. Cases with known recent pul- 
monary embolus were automatically ex- 
cluded because of the demonstrated pos- 
sible relation of pulmonary embolus to 
hydrothorax in our autopsy cases. In 


this series of 100 cases vnth left ventricu- 
lar failure, 76 showed no hydrothorax, 
16 showed bilateral hydrothorax (1 of 
which was predominantly right-sided, the 
remainder were equal). Six had unilateral 
right hydrothorax and 2 had unilateral 
left hydrothorax. Six of the 24 cases 
which had hydrothorax had no associated 
signs of right heart failure, such as en- 
larged liver or ankle edema; 18 did develop 
such signs secondarily. 

It is of interest that the Roentgen ray 
report of 1 of the cases of unilateral left 
hj’^drothorax stated that there was “ thick- 
ening of the lower pleura on the right.” 
This finding is similar to the finding (in 
our series of autopsy cases) of obliterative 
pleurisj”^ on the right in cases vnth uni- 
lateral left hydrothorax. 

Also of note is the fact that 2 of our 
cases (included under bilateral hydro- 
thorax) were found to have unilateral left 
hydrothorax on Roentgen ray films taken 
after treatment. Thus, these 2 cases might 
have been classified as unilateral left 
hydrothorax if earlier roentgenograms had 
not been on the record. It is not unlikely 
that some of the cases of unilateral right 
hydrothorax may have previously had 
bilateral hydrothorax, but our records do 
not show this possibilit 3 ^ 

Finally, it is of some interest that 14 
of the 100 cases had obliterating pleural 
adhesions (12 on the right and 2 on the 
left). Three more cases had extensive 
pleuritis (2 on the right and 1 on the left). 
Thus in this small series of cases both 
hydrothorax and important pleural adhe- 
sions were preponderantly right-sided. 

Discussion. This analysis has confirmed 
the clinical impression of many years and 
the published findings of most observers 
of the preponderance of right-sided hydro- 
thorax over left in congestive heart failure, 
no matter what the pathogenesis of pleural 
effusions of cardiac origin may be. This 
preponderance was present in our cases 
without regard to the type of heart dis- 
ease or the side of the heart under initial 
major strain. 
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Furthermore, it is of interest that left 
unilateral hydrothorax in our cases was 
always accompanied by an adequate ex- 
planation in addition to the congestive 
heart failure, consisting of complete oblit- 
eration of the opposite pleural cavity in all 
but 1 case in which there was infarction 
of the lung on the same side. This was 
not true of the majority of the cases of 
right unilateral hydrothorax. 

The ex-planation of the preponderance 
of right hydrothorax in congestive heart 
failure remains obscure but quite possible 
factors include the larger extent of the 
circulation of right lung and pleural sur- 
faces on the right side than on the left 
and the greater frequency of right-sided as 
compared with left-sided decubitus. 

Summary. 1. We have anal^'zed 100 
cases of congestive heart failure shoving 
hydrothorax at autopsy at the Massa- 
chusetts General Hospital. 

2. Fifteen cases showed unilateral right 
hydrothorax, 13 showed unilateral left 
hydrothorax. Each one of the latter re- 
vealed an important factor in addition to 
the congesti^’•e failure, there being found 
complete obliteration of the right pleural 
cavity in 12 and unilateral left pulmonary 
infarction in the remaining case, in con- 
trast to only 4 such e.xplanations among 


the 15 cases of unilateral right hydro- 
thorax. 

3. The remaining 72 cases showed bi- 
lateral pleural effusions, equal in 31 but 
preponderant!}' right-sided in 32 of the 
remaining 41, 

4. The etiologic t}'pe of heart disease 
and the side of the preponderant initial 
ventricular strain (left vs. right) made 
little difference as to the location of the 
hydrothorax, but the great majority of 
these cases at autopsy showed right heart 
failure usually superimposed on left. 

An additional 100 cases of acute left 
ventricular failure in hypertension or 
aortic valve disease were analyzed as to 
the subsequent occurrence of hydrothorax 
during the next few weeks; 76 of the 100 
showed none, while 16 developed bilateral 
hydrothorax, 6 unilateral right and only 2 
unilateral left; of the 24 cases who devel- 
oped hydrothorax, only 6 failed to show 
any recognized sign of right heart failure 
and it is possible that the venous pressure 
might, if recorded, have been elevated in 
those 6 cases also. 

5. Pulmonary infarction (superimposed 
on or precipitating or aggravating the 
congestive failure) was found in 30 cases 
and played a secondary role in the localiza- 
tion of the hydrothorax. 


Addendum. After coinplotinR this paper an article by Edgar M. MePeak and Samuel A. Levine, 
entitled “The Preponderance of Riglit Hydrothorax in Congestive Heart Failure,” appeared in the 
December 194C number of the Annah of Internal Medicine, vol. 25, p. 91G. The conclusions of thc.se 
authors in general correspond to our own with minor differences. The combination of these series of 
cases in Boston should help verj' much to clarify the clinical fe.ntures of hydrothorax in conge.stive heart 
failure. 
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ATRIAL SEPTAL DEFECT 

COREELATIOK OP AUTOPSY FINDINGS WITH DATA OBTAINED BY 

Right Heart Catheterization 
By Joseph C. INLassee, 

ASSISTANT PBOFESSOR OF CLINICAL MEDICINE 
ATLANTA, GEORGIA 

(From the Department of Medicine, Emory University Medical School) 


At Emory Medical School the method 
of heart catheterization has been used 
more than 1500 times. Of patients so 
studied, only 1 case of atrial septal defect 
has come to autopsy. The literature has 
revealed no other case report of congenital 
cardiac defect which had both heart 
catheter studies and autopsy. The follow- 
ing case is presented to illustrate the value 
of heart catheterization in diagnosis of 
atrial septal defects. 

Case Report. Mr. T. F. S., a 37 year old 
school teacher, was Case 8 in the series of 
atrial septal defects studied b}' Brannon, 
Weens and Warren,' who give the complete 
case report. In brief, the patient had been 
diagnosed as a case of congenital heart dis- 
ease Mth myocardial failure and compensa- 
tor}' polyc}’themia. The right heart cath- 
eterizations revealed that; 1. The oxj'gen 
content of the right atrial blood was dis- 
tinctly higher than the superior vena caval 
blood. 

2. The o.\}'gen content of the right atrial 
and right ventricular blood was the same. 

3. The right ventricular (pulmonar}' ar- 
tery) pressure was e.xtremely high (140 mm. 
Hg), the maximum normal is 40 mm. Hg. 

4. Pressure in the right atrium was ele- 
vated. 

5. Calculated left ventricular outjiut was 
roughly normal. Right ventricular output 
was at least twice this. 

These data could have been obtained only 
by heart catheterization. They helped 
clarify the diagnosis of atrial septal defect 
and made the diagnosis of pulmonar}' vascu- 
lar In-pertension. 

Course. .After these studies, the patient 
found that inhalations of oxygen by mask 
improved his comfort only slightly, in spite 
of the fact that blood studies had revealed 
increased saturation of the arterial blood 
after oxygen inhalation. His course was 


gradually do^^'nhill over the next 8 months. 
Mercurial diuretics were frequently used 
and occasionally venesection was done. 
The edema and polycythemia both increas- 
ed. He was confined to bed almost con- 
stantly. His last hospital admission started 
March 1946. At this time, auricular fibril- 
lation existed. He lost 20 pounds in a 
month of intensive diuresis, but his poly- 
cythemia and hemoconcentration simulta- 
neously increased and he died after a series 
of painful pulmonar}' infarcts which per- 
sisted over a period of 3 weeks. 

Autopsy. The major anatomic diagnoses 
are listed: 1. Interatrial septal defect, con- 
genital (septum primum defect). 

2. Dilatation and h}TDertrophy of heart, 
predominantly right-sided, marked (640 gm.) 

3. Dilatation of tricuspid and pulmonic 
orifices, marked. 

4. Separation of cusps of mitral and of 
tricuspid valves. 

5. Fibrosis of mitral and tricuspid valves. 

6. Dilatation of pulmonar}' artery and 
branches. 

7. Pulmonar}' arteriosclerosis. 

8. Arteriosclerosis, generalized and coro- 
nary, moderate. 

9. Thrombosis of many branches of pul- 
monar}' artei}', bilateral, with pulmonar}’ 
infarcts, multiple. 

10. Chronic passive congestion of x'iscera. 

Description of the heart and lungs follows; 

details of other anatomic structures are de- 
leted for brenty. AH of the chambers of 
the heart are enlarged, especially the right 
auricle and right ventricle. The ductus 
arteriosus is not patent. There is a circular 
defect in the lower portion of the interatrial 
septum that is .5 cm. in diameter. The fora- 
men ovale is elo.=ed and the limbus fossa; 
ovalis is easily .^een. The valves measure: 
tricuspid valve 17..5 cm., pulmonic valve 
10 cm., mitral valve II cm., aortic valve 
6 cm. The cusps of the tricuspid valve are 
thickened, but are smooth except for slight 
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valve has a few atheromatous deposits, but 
shows no gross abnormalities. There are 
numerous atheromatous deposits about the 
root of the aorta. The myocardium is firm 
and of a deep red color. The left ventricular 
wall is 2 cm. thick near the coronarj’^ sulci 
and tapers towards the apex, measuring 
0.6 cm. at the apex. The right ventricular 
wall averages 1.6 cm. in thickness. The 
wall of the right atrium is thickened and at 
one point measures 1.2 cm. though the 
average thickness is approximately 0.4 cm. 
The coronaiy vessels are patent, but there 
is moderatelj'' severe atherosclerosis. 

There are scattered atheromatous deposits 
throughout the aorta, which seems abnor- 
mally small in relation to the pulmonarj^ 
arteries. 

The surface of the lungs is normal except 
for irregular, dark red areas over the lower 
portion of the left upper lobe and over the 
right middle and lower lobes. 

The pulmonary arteries in the region of 
the hilum are approximately twice their 
normal size. Dissection reveals firmly ad- 
herent blood clots occluding the large branch 
to the lower portion of the left upper lobe 
and the branches to the right lower and 
middle lobes. The veins are not remarkable. 
The bronchi are red and contain only a small 
amount of secretion. 

The cut surface of the left lung is normal 
except that the lower portion of the left 
upper lobe is dark red and firm. In the 
lateral portion of this area there is a large 
vessel (diameter 0.5 cm.) filled with partiallj' 
organized blood clot. The right lung shows 
similar changes. The large vessels to its 
lower and middle lobes are occluded bj' 
firml}’ adherent blood clot. There are red- 
dish firm areas in the lower lobe and the 
middle lobe and the fissure between the 
lower and middle lobes is partial!}' obliterat- 
ed by fibrous adhesion, 

Microscopic lung sections reveal patchy 
edema and slight emphysema in areas of 
lung surrounding the infarcted areas which 
are intensely congested and edematous. 
All vessels are sclerotic, thickened, and 
markedly dilated. In the infarcted areas 
vessels contain organizing thrombi. Fibrous 
and fibrinous pleuritis is present. 

Discussion. Tlie usefulness of right 
heart catheterization in the diagnosis in 
this case was in the demonstration of the 


increased oxygen saturation of right atrial 
blood as compared to vena caval blood, 
and in the demonstration of the increase 
in right ventricular pressure. In addition, 
pertinent data relative to' factors influenc- 
ing ventricular output w^ere obtained. 

In only 2 conditions can the right atrial 
blood oxygen saturation e.xceed the vena 
caval blood oxygen saturation — in inter- 
atrial septal defect, wdth the flow' of oxy- 
genated blood from left to right atrium, 
and in the case of aberrant pulmonary 
veins w'hich empty into the right atrium 
bringing blood of greater oxygen satura- 
tion than that which comes from the vena 
cava. The latter situation is rarer than 
interatrial septal defect and is not asso- 
ciated with as much cardiac enlargement. 

Increase in right ventricular pressmre 
can be surely demonstrated in no other 
way than by right heart catheterization. 
In itself it suggests pulmonic valve sten- 
osis, pulmonary vascular stenosis or dis- 
ease of the type found here, cor pulmonale 
due to whatever cause, or interventricular 
septal defect. Correlation of the pressure 
reading with the physical and Roentgen 
ray findings is necessary to clarify the 
diagnosis. 

The right ventricular output in this 
case was showm to be roughly twice that 
of the left ventricle. Yet the right atrial 
pressure w'as necessarily less than the left, 
since the flow’ of blood through the atrial 
septal defect w’as from left to right. This 
is at variance with the old teaching of 
Starling that the ventricular output rises 
with increase in atrial pressure, and points 
to the necessity of consideration of other 
factors which may influence ventricular 
output. 

The problem of the maintenance of 
cardiac compensation in the management 
of this case was complicated by the pres- 
ence of pulmonary vascular disease and 
pulmonary vascular thrombi. In a con- 
genital cardiac defect such as an inter- 
atrial septal defect, polycythemia may 
develop in a .salutory manner, increasing 
the oxygen carrying capacity of the blood 
by increasing the volume of circulating 
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hemoglobin. Up to a certain point, this 
was desirable in this case, but bejmnd 
this point, increase in the hematocrit 
value tended to increase the viscosity of 
the blood, thereby increasing the load on 
the heart and the tendency to thrombus 
formation in the vessels, particularly in 
such vessels as might be diseased or dam- 
aged, as in the pulmonary circulation. 
Similarly in the use of diuresis to relieve 
edema of the tissues, it was desirable to 
find the point at which mechanical stress 
would be lessened bj' removal of fluid 
without dehydrating to the point of con- 
centrating the blood, increasing its vis- 
cosity and predisposing to thrombus 
formation. 

The data obtained by right heart cath- 
eterization, namely the increase in ven- 
tricular pressure and the increased satura- 
tion of the arterial blood with oxygen 
inhalation, showed the presence of pul- 


monary vascular obstruction. This at 
once showed the importance of keeping 
the viscosity of the blood below a point 
tending to thrombus formation. It was 
thought that venesection was more feas- 
ible and less expensive than the continued 
use of heparin and definitely less dangerous 
than the use of dicoumarol. 

In the final stages of the patient’s ill- 
ness, the elimination of edema and restora- 
tion of cardiac compensation proved less 
of a problem than the prevention of pul- 
monary thrombi and infarction. The 
terminal events were a series of pulmonary 
infarcts. 

Summary. 1. A case of interatrial sep- 
tal defect and pulmonary vascular disease 
was studied bj^ the method of right heart 
catheterization. 

2. The data obtained are given and 
discussed in the light of autopsy findings. 
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A CASE OF FATAL ARTERIAL OCCLUSIONS DUE TO ANEURYSM OF 
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By William T. Fitts, Jr., 
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(I’rom the General Surgical Ser\'ice of the Hospital of the University of Pennsylvania) 


As long ago as 1906 Nixon^ wrote: 
“E\'er since Beatty gave his inimitable 
description of a case of abdominal aneu- 
rysm simulating stricture of the rectum 
in a man 33 years old, the vagaries of this 
disease have been closely studied and dis- 
cussed; still the malady provides fresh 
combinations of signs and symptoms to 
puzz'.e and baffle clinicians.” Forty years 
later we still find new and confusing 
s^mdromes in cases of abdominal aortic 
aneurysm. A tabetic patient, recently 
admitted to this hospital, presented symp- 
toms of abdominal aortic aneurysm with 
scrotal gangrene and was ’found to have 
occlusion of tlie inferior mesenteric and 
hypogastric arteries. A search of the 
literature failed to reveal a similar case. 

Case Report. A GO 3 -ear old, white, unem- 
ployed clerk was admitted on Aug. 4, 1946, 
complaining of a "bum” of his scrotum 
and perineum following exposure to a heat- 
ing pad. For the preceding 10 years he had 
been disabled because of S3'mptom.s of tabes 
dorsalis, first diagnosed in 1937 at another 
hospital. At that time he was found to have: 
staggering gait, positive Romberg sign, 
Arg 3 -ll Robertson pupils, beginning optic 
atro{)h 3 -, absent patella and Acjiilles reflexes, 
and loss of \-il)rator 3 ' sensation in both legs. 
Repeated IVassermann tests of blood and 
spinal fluid were positive. Although intra- 
muscular injections of bismuth were given, 
he had, during the last few 3 -cars, lost 40 
pounds and developed diflicult 3 - in voiding, 
constipation and diminution of \-ision. On 
Aug. 2. 2 da 3 -s before admission, he applied 
an electric heating pad to his perineum for 
relief of d 3 -suri.a. lie fell asleep, and awoke 
in a few hours with swelling, redness and 
blistering of the perineum. During the ne.vt 
24 hours cranip 3 - pains began in the lower 
abdomen and back. 


On admission the patient was extremely 
weak and complained of mild, generalized 
abdominal pain. His temperature, pulse 
and respiration were normal. The blood 
pressure was 115/75 in both arms. The 
penis was normal. The scrotum was bluish 
purple, edematous and cool; over its ante- 
rior surface were several small vesicles con- 
taining cloud 3 " fluid. The perineum and 
gluteal regions, and to a lesser extent the 
inner thighs, were er 3 ’thematous and edema- 
tous. Examination of the eyes revealed 
Arg 3 'll Robertson pupils, advanced optic 
atroph 3 - and arteriosclerotic changes. The 
abdomen, except for slight distention, was 
normal. Vibrator 3 - and position sense were 
lost in both legs. 

Laboratory Observations. Hemoglobin, 15 
gm.; leukocyte count, 10,500; blood urea 
nitrogen, 55 mg. per 100 cc.; serum protein, 
5.1 gm. per 100 cc. The blood Kolmer and 
Kline tests for s 3 -philis were negative. 

Course in Hospital. On admission be did 
not appear acutety ill. Because of the in- 
flammator 3 ' signs, 50,000 units of penicillin 
were given intramuscular^ ever 3 ' 4 hours. 
The abdominal pain suggested tabetic crisis, 
and prostigmine was given for S3''mptomatic 
relief. During the 12 hours after admission 
the patient gradual^ became disoriented. 
Eighteen hours following admission, he sud- 
denty stopped breathing and became pulse- 
less. After artificial respiration, plasma in- 
fusion, and ox 5 -gen b 3 ' nasal catheter, the 
pulse returned and consciousness was slowh' 
regained. The blood pressure .riowh- rose 
to 80/50. In the next few hours definite 
gangrene of the scrotum and perineum de- 
veloped (Fig. 1). The peripheral pulses, 
however, remained palpable in both legs. 
The abdomen became distended, rigid and 
tender. In .spite of intra^-enous fluid thcrap 3 ' 
and continued 0 X 3 -gen, the blood pressure 
gr.adua!l 3 - fell. Death occurred 20 liours 
aftcr admission. 



FITl’S, wells: aneurysm of the abdominal aorta 


253 


Significant Findings at Autopsy. (No. 46- descending colon, sigmoid and rectum were 

427, performed 4 hours after death by Dr. gangrenous; the bowel wall was necrotic and 

Robert F. Conant.) External genitalia: the edematous, containing red blood cells, neu- 

scrotum and perineum were gangrenous, trophils and macrophages. Heart: the ante- 

The skin and subcutaneum showed necrosis rior wall of the left ^Tntricle was fibrotic 

^Yith hemosiderin deposition and cellular with severe narrowing of the anterior de- 
infiltration. Gastro-inlestinal tract: the scending coronar}^ by atherosclerosis. Aorta: 



Fio. — Scrotal canpreno (20 hours after admission). 
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FITTS, wells: aneurysm of THE ABDOJIINAL AORTA 


the thoracic aorta showed scattered intimal 
plaques and moderate Ijunphocjiic infiltra- 
tion; the plaques increased in number dis- 
tally with several areas of ulceration and 
subintimal hemorrhage. Just above the 
bifurcation there was a saccular aneui^'sm 
4x5x3 cm., extending almost to the 
inferior mesenteric arterj'^ (Fig. 2). It con- 
tained a laminated thrombus, a small por- 
tion of which was bung free and was occlud- 
ing the ostium of the inferior mesenteric 
artery. A dislodged bit of the thrombus 
had completely occluded the mouth of the 
right hypogastric arterj'. Microscopic ex- 
amination showed that the thrombus in the 
aortic aneurysm was organized and firml}^ 
bound to the intima. The aneurysmal wall 
was infiltrated with ljTnphoe 3 ’tes in man}' 
sections. The media was extensively infil- 
trated with round cells. The lesion was 
regarded as luetic. 

Discussion. Aortic abdominal aneu- 
rysm is infrequent. Osler^ found onlj' 
16 instances in 18,000 admissions to the 
medical wards of the Johns Hopkins 
Hospital. Records of the Hospital of 
the University of Pennsjdvania indicate 
that on surgical wards these cases are 
seen even less frequentlj'; in almost 70,000 
admissions to the surgical service since 
1922, only 5 cases have been definitel.v 
diagnosed. 

The presenting symptom of patients 
with abdominal aortic aneurj'sm is almost 
always abdominal pain. We have been 
unable to find a report in which scrotal 
gangrene was the presenting sign. Al- 
though the multiple occlusions of aortic 
branches might be expected to occur fre- 
quenth', the complication is rare. A case 
similar to ours, with occlusion of the 
inferior mesenteric and hypogastric arter- 
ies, could not be found in the comprehen- 


sive reviews of NLxon/ Br^'ant,' Osler,^ 
and Kampmeier." In most instances of 
abdominal aortic aneurj'sm, death is due 
to rupture; in this instance death resulted 
from gangrene of the large intestine and 
n'idespread gangrene of the perineum. 

It is frequentlj' difficult to distinguish 
the pain of tabetic crisis from the pain of 
an abdominal aneurj'sm complicated by 
dissection of the wall or pressure on adja- 
cent wscera or nerves. It was suspected, 
at the time this patient was admitted, 
that he was suffering from tabetic crisis, 
and that the scrotal findings were mani- 
festations of thermal injury. The progress 
of the disease, especiallj' the development 
of frank gangrene of the scrotum, indi- 
cated, however, that the changes were 
due to circulator}' deficiency. It seems 
certain that the burn played little or no 
part in the pathologic process. Occlusion 
of the right hypogastric artery alone 
could not have produced bilateral scrotal 
gangrene. It is thought that gangrene 
of the left side of the scrotum was caused 
by multiple small emboli in the branches 
of the left hj'pogastric artery, although 
the lesions were not demonstrated at 
autopsy. 

Summary. A rare complication of aortic 
abdominal aneurysm is reported. A 
tabetic, admitted to the hospital for 
scrotal gangrene, developed signs of an 
abdominal catastrophe and died a few 
hours after admission. Autopsy showed 
a saccular aneurysm of the lower abdom- 
inal aorta, A thrombus in the inferior 
mesenteric artery had produced gangrene 
of the large bowel, while embolic occlu- 
sions of the hjpogastric arteries were 
c\'idently responsible for the scrotal and 
perineal gangrene. 
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A NEW TYPE OF HEREDITARY HEMOLYTIC JAUNDICE WITHOUT 

SPHEROCYTOSIS 

By Russell L. Haden, M.D. 
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(From the Cleveland Clinic) 


The inherited factor in hereditary hem- 
olytic anemia may be either an abnormal 
shape of the red cell or a qualitative de- 
fect in the stroma. In hereditary sphero- 
cytosis the fault is an anatomic one, the 
spherical shape. Congenital ovalocytosis 
may result in hemolytic anemia. The 
increased hemolysis seems due to the fact 
that spherocytes and ovalocytes are re- 
moved by the spleen more readily than 
are normal biconcave disks. The increas- 
ed hypotonic fragility of the red cells in 
congenital spherocj^tosis is directly re- 
lated to the shape of the cell and degree 
of spherocytosis. Classic examples of con- 
genital hemolytic anemia in which the 
stroma is at fault are sickle cell anemia 
and Mediterranean (Cooley’s) anemia. 
Here there is excessive hemolysis because 
the cells cannot survive the wear and 
tear to which erythrocytes are normally 
subjected. 

The terra, congenital hemolytic icterus, 
or anemia, usually refers to hereditary 
spherocytosis. Ovalocytosis is very rare 
and produces less anemia. The charae- 
teristic clinical picture in congenital spher- 
ocytosis is chronic jaundice, usually of 
mild degree and often noted from birth, 
anemia and enlarged spleen. The red cells 
have decreased diameter, increased thick- 
ness and decreased fragility in hypotonic 
salt solutions. The icteric index is in- 
creased, and the reticulocyte percentage 
is increased since the bone marrow tries 
to compensate for the increased loss of 
red cells by forming more erythrocytes. 

For several years I have observed 2 fam- 
ilies which have a characteristic history 
and the clinical findings of hereditary 
.qiherocytic hemolytic icterus hut show no 
spherocytosis. Here there is no explana- 
tion for the increased hemolysis. In 1 
family the condition has been studied in 


3 generations. In the other the disease 
was found in 2 generations, wnth a prob- 
able history of the same condition in the 
third generation. This type of hemolytic 
anemia seems not to have been previouslj’ 
described. The clinical history is identical 
with that of congenital spherocytosis; 
each patient has jaundice, anemia and 
enlarged spleen. All lack the cardinal 
feature of spherocytosis. All affected 
members of 1 family show unusual punc- 
tate basophilia. Splenectomy in the 1 
patient on whom this was tried has not 
been of benefit. In hereditary spherocy- 
tosis the anemia and other symptoms of 
the disease are always relieved by removal 
of the spleen, although spherocytosis of 
the erythrocytes persists. The case histor- 
ies are as follows ; 

Family A. Case 1. L. S., aged 25, a 
native American, entered Cleveland Clinic 
on Oct. 23, 1939, complaining of pain in the 
left side of the abdomen. She stated that 
since birth her eyes had been yellow and at 
times her skin was yellow. Two years before 
admission she had begun to have attacks of 
acute pain in the left upper quadrant. The 
pain was paro.xysmal and severe, and at 
times a hypodermic injection of morphine 
was required for relief. With the attacks of 
pain the jaundice became more intense. One 
year ago the siileen had been found enlarged. 

The patient’s mother had died at the age 
of 26, 1 month after the birth of a child, 
from a .‘^evere anemia which had been diag- 
nosed pernicious anemia. During the preg- 
nancy she had developed a lump (spleen?) 
in the left side, the removal of which was 
recommended. Her eyes were often yellow. 
The patient had 2 chiidren, both boys. She 
had noted that the older boy was jaundiced 
at times but had observed nothing abnormal 
about the other. Both were occasionally 
irritable and listless. The family history 
was otherwise entirely negative. 

On examination the sclera? were icteric. 
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The spleen was readily palpable 3 fingers’ 
breadth below the costal margin. The ex- 
amination showed no other abnonnalitj'. 
The urine on numerous occasions showed 
no bUe, red cells or hemoglobin. Gall blad- 
der Roentgen ra}"s showed no calculi or other 
abnormalit 3 ". The Wassermann test was 
negative. 

The blood findings are summarized in 
Table 1. There was constantly a maeroc 3 dic 
anemia, high reticuloc 3 'te count and increas- 
ed icterus index. The h 3 'potonic fragilit 3 ' 
was normal. Spheroc 3 des Avere absent. No 
hemoglobinemia or spontaneous hemol 3 'sis 
on standing was found. The blood picture 
Avas entirel}' unlike that of congenital sphero- 
CYdosis. 

Course. The patient was kej)t under ob- 
servation for 2 months. The attacks of 
severe pain continued, so splenectomj’^ was 
done on Jan. 12, 1940. The spleen weighed 
497 gm. The pathologic diagnosis was 
chronic hyperplasia, which is not the charac- 
teristic finding in the spleen in spliero- 
cytic anemia. The patient had some fever 
throughout the hospital stay of 2 weeks. 
Frequent blood e.\’aminations (Table 1) 
showed a marked increase in the anemia. 
The reticulocY'te count and icterus inde.v 
remained elevated. The macrocY'tosis of the 
red cells became jiiore marked. This is ex- 
actly the reverse of the usual postoperative 
course in congenital spherocYdic anemia after 
splenectomy. The patient died sudden^v 
2 daA's after discharge from the hospital. 
No autopsy AA-as performed. 

C.yse 2. The older son of Patient 1 aabs 
5 3 'ears old AA'hen first .seen. The mother 
had noticed that his e3'es Averc sometimes 
yelloAV AA'hen he aa-bs irritable and pepless. 
There AA-as no jaundice, and the spleen aaas 
not palpable at the initial c.vamination. He 
did haA'e an anemia AA'ith a high (14%) 
rcticulocY'tc count and a definite hcmoglo- 
btnemia. He lia.s been seen at interA-als for 
7 A'cars AA'ith little change in the blood find- 
ings. Tiicse are shoAA'n in Table I- The 
lAlasma ahvaA's contains free hemoglobin, and 
the red cells hemolyze on standing in a 
hematocrit tube. The red colls tend to be 
macrocA'tic. On succc.?siA'c c.xaminations the 
spleen has gradiialh' become large and i.= 
noAv 3 fingers' breadth beloAV the co.sfal 
margin bvit is nut tender. The icterus of 
the conjunctiA'a* i.= u^Aially apparent. The 
urine cont.ains a trace of albumin at times. 


Once a slightty positive test for bile was 
found. 

Case 3. D. S., a 3 3 Tar old son of Patient 
1, had had no illness of anY' kind, and no 
jaundice or other abnormalitY’’ had ever been 
noted by the mother. The e.xamination 
AA’as entirelY’- negatiA’-e. The spleen was not 
palpable. The blood (Table 1) on the initial 
e-xamination showed reticulocY'tosis, a slight 
increase in icterus inde-x, and free hemoglobin 
in the plasma. On 2 other occasions the 
findings were much the same. Two years 
after the original examination there AA-as a 
definite icteric tinge to the scler®, and the 
spleen AA-as 2 fingers’ breadth beloAv the 
costal margin. Again hemoglobinemia Avas 
detected and there AA-as spontaneous hem- 
olY'sis in the hematocrit tube. The blood 
findings har-e remained much the same over 
a 7 3 -ear period. The spleen remains en- 
larged. No new s 3 -mptoms haA-e dcA-eloped. 
The urine has been negatiA-e except for a 
trace of bile on 1 occasion. 

The Donath-Landsteiner test on Patients 
2 and 3 aa-bs negatiA-e. The Avashed cells of 
Patient 2, incubated at 37'“ for 1 hour, 
shoAved marked hemolY-sis AA-ith his OAA-n, 
AA'ith brother’s (Patient 2), and Avith normal 
control sera. Control normal cells showed 
no hemolY'sis Avith sera of Patients 2 and 3. 
These tests shoAV that the defect is in the 
patient’s er 3 *throc 3 'tes. The sera of Patient 3 
and control treated with N/3 HCl, 0.8% 
lactic acid, and carbon dioxide shoAA’s no 
hemoh-sis AA-ith patient’s and control red cells 
such as is found in nocturnal paro.x 3 'smal 
hemoglobinuria. 

Family B. Case 4. IM. S., aged 25, was 
first seen on Feb. 26, 1945. Her parents 
AA-ere both born in HungarY', The patient 
AA-as born in this countrY'. She had had the 
u.sua! childhood disea.ses but no serious ill- 
ne.^s. In school she AA-as pale and her eyes 
were a-cHoaa-. She AA-as told to see a phY'sician 
but did not do so. After the birth of her 
onh- child, now 4 A-ears old, her pliY’sician 
noted the pallor and jaundice and gaA-e her 
injections for scA-eral Y-ears AA-ithout imprOA-e- 
ment. At her mother’s insistence she AA-as 
-cent to a hospital for studY' in FebruarY' 1945. 
An enlarged spleen Av'as noted for the first 
time, and hcmob-fic anemia was diagnosed. 
Her onh- .«A-mj)tom ha.s been moderate ex- 
haustion. .She ha.‘ noted a marked difference 
in the jaundice from time to time. Her stool 
and urine haA'e never been abnomi.al. 
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On the initial examination there tos defi- 
nite jaundice of sclerse and skin. The spleen 
was 3 fingers’ breadth below the costal 
margin. The blood pressure was 115/70. 
There were no other significant findings. 
All laboratory studies except the blood were 
negative. The gall bladder functions nor- 
mally and shows no gall stones. This patient 
has been seen on 5 occasions since the original 
e.xamination. She alwaj’s has jaundice and 
the spleen is constantl}' palpable. 

The blood (Table 2) shows a constant 
maci'ocji-ic anemia, increased reticuloc}’tes 
and high icterus index. There is never anj' 
endence of spherocj'tosis or hemoglobinemia. 
There is no spontaneous hemol)"sis. The 
striking feature of the blood is a constant 
high percentage of stippled red cells. Hj^jo- 
tonic fragility tests are normal. 

The patient’s father had been killed in a 
mine accident man}' 3 'ears previousIJ^ Her 
mother was liiang. She had 1 brother and 
2 sisters, These, together with her daughter, 
were examined (Table 2). The husband is 
included as a control. 

Case 5. R. S., aged 4, a daughter of 
Patient 4, had no complaint of any kind and 
was supposedly well. The relatives had 
noticed some pallor, but she had had no 
illness of any kind. On examination tlje 
sclerse were icteric and the spleen was 3 
fingers’ breadth below the costal margin. 
During the past IS months she has been 
seen at inten’als. The spleen has remained 
enlarged. She had developed normall}'. The 
blood count has varied. There is a constant 
anemia and usuall}' an elevated icterus 
index. The number of stippled crj'throcytes 
and reticulocytes continues high. She has 
never shown a spherocytosis. Hypotonic 
fragility tests are normal. 

Case 6. R. S., the mother of Patient 4, 
was 4S years of age and had had no illness. 
There was no history of jaundice, enlarged 
spleen, or gall bladder trouble in the family. 
She had a yellow tint to the conjunctivaj. 
The sfjlcen \^•as just palpable. She was obese. 
The e.vamination was othenviso negative. 
The blood (Table 2) showed no anemi.a but 
an increased number of reticulocj'tes and an 
abnormal number of cells .showing punctate 
ba.^ophilia. 

Case 7. H. K., a sister of Patient 4, had 
alw.ays been well. She w.as working at a 
bomber plant %vhcn first examined. The 
e.xamination wa.-; negative c.xcept for pallor 


and a palpable spleen. The condition has 
remained much the same on 3 succeeding 
examinations e.\'cept that the spleen has 
become larger and the icterus more evident. 

The blood showed an anemia on 2 occa- 
sions and alwa 3 's an increased reticulocyte 
count. There was also an increase in cells 
showing punctate basophilia. There was 
alwa 3 's a high icterus index. There was no 
spontaneous hemol 3 'sis and a normal fragility 
tot. 

Case 8. J. B., another sister of Patient 4, 
had never had an}^ illness. She had never 
noticed anemia or jaundice. The onl}' posi- 
tive finding on e.\'amination w'as an enlarged 
spleen and definite jaundice. Her blood 
(Table 2) showed a macroc 3 dic anemia and 
reticuloc 3 dos!s and increased bile content of 
the plasma. Fragilit}'- tests were normal. 

Case 9. A. T., a brother of Patient 4, 
is included as a control. He had no histor}' 
of an}' illness and showed no splenomega!}' 
or jaundice. His blood (Table 2) was normal. 

Discussion, It is evident that all these 
patients have a hereditary t 3 ’pe of hemo- 
l 3 dic anemia. All show an enlarged spleen, 
anemia, increased reticuloc 3 ’'tes and ele- 
vated icterus index. The red cells, how- 
ever, are of normal shape. These tend to 
be raacroc 3 Tic. There is no spheroc 3 'tosis, 
and h 3 'potonic fragilit}' is normal. A 
striking feature in 1 family (Family B) is 
the high percentage of stippled cells. 

The defect responsible here for the 
increased destruction of red cells probabl}' 
lies in the stroma of the red cells. The 
presence of free hemoglobin in the plasma 
indicates that hemol 3 'sis is taking place in 
the circulating blood. The er 3 'throc 3 'to 
are not simply engulfed and filtered out b}' 
the spleen as the}' are in hereditarv' sphero- 
cx'tic anemia. The cells ma}' hemoh'ze 
spontaneous!}' on standing, and w.'ished 
cells undergo hemolysi.s wlien mixed with 
normal plasma. 

The macroc.rtosis noted on numerous 
c.vaminations is characteristic of acquired 
hemolytic jaundice or any hemolytic 
jaundice other than that due to sphero- 
cytosis, There is no evident c.xplanation 
for the marked punctate basophilia. 
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The 1 patient who had a splenectomj'^ 
was not benefited. After a splenectomy 
for hereditary spherocytic jaundice, there 
is a rapid return of the blood to normal, 
the anemia is relieved, the icterus index 
returns to normal, and the reticuloc 3 'tosis 
disappears. The abnormal shape of the 
red cells, the spherocytosis, persists, how- 
ever, throughout the life of the patient. 
The spherocytes function as well as oxj'gen 
carriers as do normal biconcave disks. 
In the 1 patient in this series who had a 
splenectomy, the anemia became more 
marked, and the reticulocytosis and high 
icterus index persisted until the death of 
the patient. 


Conclusion. Eight patients in 2 families 
are reported, all of whom have hemol\'tic 
anemia. 

The disease was observed in 3 genera- 
tions in 1 family and in 2 generations in 
another, so that it appears to be really 
heredita^3^ 

The red cells are of normal shape but 
tend to be macroc^'tic and to undergo 
spontaneous hemolysis. Hemoglobinemia 
has frequently been observed. 

Splenectomj'^ in the 1 patient operated 
upon did not alter the disease. 

The condition is probabl^'^ due to an 
inherited defect in the stroma of the red 
cells. 

This disease seems to be a new type of 
hereditary hemolytic jaundice. 
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IDIOPATHIC THROMBOCYTOPENIC PDEPDRA 

A Study of Three Cases With Special Reference to Changes in the 

Megakaryocytes 

By Eleanor H. Valentine, M.D. 

ASSISTANT PROFESSOR OF MEDICINE 
PHILADELPHIA, PENNSYLVANIA 

(From the Temple Universitj'* Medical School and Hospital) 


The controversy regarding the imme- 
diate cause of the thrombocytopenia in 
idiopathic thrombocytopenic purpura was 
at first largely speculative, since the early 
proponents of the 2 major hypotheses did 
not have the evidence of actual marrow 
studies on which to base any specific con- 
clusions. In 1915 Frank, ^ in an excellent 
review of essential thrombocytopenia, sug- 
gested the possibility that the disease 
might be due to a defect in the megakaryo- 
cytes leading to depression of platelet pro- 
duction. Kaznelson,® on the other hand, 
in 191 G emphasized the normal status of 
the few remaining platelets and the pres- 
ence of giant forms as evidence of the 
adequate functional capacity of the mega- 
karyocytes in this disease, and on this 
basis postulated that the thrombocyto- 
penia was dependent on thrombocytolysis. 
By analogy with the role of the spleen in 
familial hemolytic anemia, he attributed 
this abnormal function to the spleen. He 
further supported his news ijy reporting 
the first case of thrombocytopenic pur- 
pura successfully treated by splenectomy. 
Dameshek- cites Frank’s later studies’" of 
the megakaryocytes published in 1925, in 
which “he noted diminished granularity 
and greatly diminished platelet produc- 
tion from megakaryocytes, together with 
the presence of degenerative changes.” 
Willi'® studied 4 casc.s of thrombocytopenic 
purpura by sternal puncture, and although 
lie apparently w.as not greatly impressed 
by the degenerative changes in the mega- 
karyocytes, he found very significant the 
dcpri-ssion of platelet formation which he 
observed. In his more se-vere ca.'-es evi- 
dence of platelet formation was entirely 
lacking, while in the presence of mild 
ihromlvocytnpenia it w:ls greatly reduced 


and appeared to be largely confined to 
the promegakaryocytes. Other work- 
gj.s4,7.jo.j4.i6 reported abnormalities in 
the megakaryocytes in this disease, but 
these have been largely in the nature of 
degenerative changes. There is fairly 
general agreement that megakaryocytes 
are present in significantly increased 
numbers. 

More recently, Limarzi and Schleicher,® 
in a study of the bone marrow in idiopathic 
thromboc 3 "topenic purpura, have noted 
the presence of megakarj'ocjdic hj^per- 
plasia with an increase in the younger 
forms (the promegakar^meytes), manj' of 
w’hich were seen to be forming non-granu- 
lar “ pseudoplatelets.” Many of the raega- 
karj’oc.vtes showed a hyaline cj'toplasm 
with absence of azurophilic granules. 
These changes disappeared following splen- 
ectomj*. 

On the otlier hand, Wiseman, Doan and 
Wilson” state that sternal marrow studies 
have consistentl.v revealed “normal num- 
bers of normal appearing mcgakarj’oc^'tes ” 
in cases of idiopathic thrombocj-topcnic 
purpura. Others*’-'® have taken essen- 
tiallj' the same view. 

In man.v of these studies the platelet 
forming actirit.v of the megakarvoeytes 
botli tinder normal and almormal condi- 
tions has been largel.v ignored, and few 
attempts have been made to break these 
cells dowTi according to the degree of 
maturit.v. Dameshek,’ howc\-er, has re- 
eentl.v reported detailed studies of the 
inegakarj’ocj'tcs in idiopathic thrombocy- 
topenic jiurpura. I'lic findings were c.«.sen- 
tiall\- as follows: (]) a relative incrcN'ise 
in megakarvofn'tes with increased per- 
centages of .vounger forms ftnegakar.vo- 
blasts). and decre:ised ntirnbcrs of pro- 
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megakar 5 '^ocytes; (2) morphologic changes 
in the cells, e. g., loss of cytoplasmic granu- 
lation and vacuolization; (3) a marked de- 
crease in the percentage of megakaryocytes 
exhibiting platelet formation; (4) com- 
plete reversal of these changes following 
splenectomy. 

Recently 3 cases of idiopathic thrombo- 
cytopenic purpura have been available 
for study in this hospital. Sternal mar- 
row studies, made before and after splen- 
ectomy in these cases tended to confirm in 
the more important respects the observa- 
tions of Limarzi and Schleicher, and Dame- 
shek. It seemed worthwhile, therefore, in 
spite of this limited number of eases, to 
report these findings. 

Methods and Materials. For this study 
11 cases were selected in ndiich sternal mar- 
row aspiration had been performed and in 
which 1 or more platelet counts were avail- 
able. These cases covered a wide range of 
conditions. In addition, peripheral blood 
and marrow studies were made on 3 cases 
of idiopathic thrombocytopenic purpura 
before and after splenectomy. Platelet 
counts were done in some instances by the 
Fonio method, in others by the method of 
Dameshek, and in others both methods were 
used. All determinations in the 3 cases of 
idiopathic thrombocjdoponic purjrura were 
performed in duplicate. 

Sternal puncture was i)ei-formed with the 
Turkel needle in the third or fourth inter- 
space, from 0.2 to 0.3 cc. of man-ow juice 
being aspirated. The material obtained 
was spread ijiunediately on clean slides, dried 
rapidly in air, and .stained with buffered 
Wright's stain. 

The marrow j)reparations were examined 
jwimarily for study of the megakaryocytes, 
and in each instance at least 100 of these 
cells were classified. The criteria for differ- 
entiation suggested by Dameshek were ad- 
hered to as nuich as possible in classifying 
megakaryocytes in order that comparable 
3-csults might be obtained. Ex])eriencc with 
the material at hand, however, seemed to 
indicate that the distribution of megakaryo- 
cytes was not suniciently uniform to allow 
n reasonably accurate estimate of their rela- 
tive numbers beyond a statement as to 
whether (hose cells ap{K*ared to be increased 
or nonnal in numbei-s. 


Results. The results of the studies in 
the 11 control cases are given in Table 1. 
It can be seen that proraegakaryocytes 
and mature megakaryocytes showing defi- 
nite platelet production constituted the 
majority of the cells. Tlie total percen- 
tage of megakaryocytes showing platelet 
formation varied from 56 to 80% (aver- 
age 68.1%). Megakaryoblasts and lym- 
phoid megakaryocytes were rare. Pro- 
megakaryocytes varied from 11 to 37% 
(average 25.2%) and the majority of these 
exhibited platelet formation. An occa- 
sional polykaryocyte or mitotic figure was 
encountered in these cases. Conditions 
in which unusual numbers of megakaryo- 
cytes are often seen, i. c., 1 of the cases 
of polycythemia vera and 1 of chronic 
myelogenous leukemia, .showed significant 
increases in the number of megakaryocytes, 
and 2 of these, R, S. and S. diC., showed 
the highest percentages of platelet forma- 
tion observed, 79 and 80% respectively. 
This was accompanied by increased peripli- 
eral platelet counts. Morphologic varia- 
tions, such as loss of granulation and 
vacuolization were rarely observed in this 
material. In all cases, liowcver, nuked 
megakaryocytic nuclei were a fairly fre- 
quent finding. Some of these carried at- 
tached masses of platelets. 

Report of Cases. Tlie cases of idiopathic 
thrombocyto})onic purpura are of some inter- 
est, the first because of the })resence of rather 
well-marked lymjdiadenojiathy and the oc- 
currence of myelocytes in the peripheral 
blood on admission; the second because the 
age of the patient (54) suggested the po.«si- 
biiity of a secondary rather than a primary 
thrombocytopenia. The clinical and labora- 
tory' as])ects of both case?, however, siipport- 
od the diagnosis of the primary disease and 
the presence of inhibition of nonnal mega- 
karyocytic actirity was regarded as a sig- 
nificant factor in both (Table 2). Tlie third 
case presented no unusual asi>octs. 

C.^SE 1. H. O’B., a white male of 10 years, 
entered the hospital May 0. 1940. He liad 
had a tendency to extensive bniising with 
slight or no trauma since March 1940, A sore 
throat inmwdiately preceded the onset of 
the above syinjdoms. His jmsf history was 
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irrelevant. On admission he exhibited gen- 
eralized purpuric manifestations, axillary and 
inguinal adenopathy, and a palpable spleen 
which extended 4 cm. below the costal mar- 
gin. The blood studies were within normal 
limits except for 2% myelocytes and a plate- 
let count of 37,000. No improvement oc- 
curred during 3 weeks of medical treatment, 
and the blood studies did not change sig- 
nificantly except for the disappearance of 
myelocytes. A lymph node removed for 
study showed an inflammatory hyperplasia. 
Sternal aspiration revealed a normal marrow 
except for changes in the megakaryocj’-tes 
which are recorded in Table 2. Splenectomy, 
May 29, 1946, was followed by complete 
remission of the hemorrhagic manifestation, 
and an increase in platelets to a peak of 
1,500,000 on the 4th postoperative day. 
The patient made an uneventful recoverj’’ 
and was discharged June 10, 1946. From 
then until December 1946 platelets have 
ranged from 55,000 to 262,000 and there 
has been no recurrence of purpuric manifes- 
tations. 

Case 2. E. S., a 54 j'-ear old white Jewish 
housewife, was admitted to the hospital 
June 11, 1946. Four weeks prior to admis- 
sion she had had chills, fever and malaise for 
which she was confined to bed for a few days. 
One week later bleeding gums and sponta- 
neous bruises were noted. There was noth- 
ing of significance in the past medical histoiy. 
Physical examination revealed no positive 
findings other than generalized purpuric 
manifestations. Blood studies were within 
normal limits except for a platelet count of 
17,500. During 4 weeks of medical treat- 
ment there was no significant change in her 
clinical picture or laboratory findings . Splen- 
ectomy was performed July S, 1940, follow- 
ing which she made an uneventful and rapid 
recovery with complete remission of the 
disease. The platelets numbered 180,000 
48 hours after splenectomy, and had reached 
a level of 703,000 on the 7th ojierative day 
when she was discharged. The patient re- 
turned for a check-up Oct. 5, 1946. She h.ad 
had a recurrence of purjnira which was lim- 
ited to sjiontancous ecchymoses of the legs. 
Tlic platelets at this time numbered 156,000. 

Sternal marrow asiJrations were {)crformed 
on June 14, July 10 and October 15. Dif- 
forenti.al counts of the cells were within nor- 
m.al limits on all 3 occasions except for the 
changes in the megakaryocytes which are 
given in Table 2. 


Case 3. S. M., a 32 year old Jewish male, 
was admitted to the hospital Aug. 28, 1946, 
with generalized purpuric manifestations 
which had been present since July 20, 1946. 
Two years prior to the present illness he had 
a similar attack which lasted 2 w'eeks in 
which purpura was limited to the legs. Ho 
studies were made at that time. The past 
medical historj'- was negative except for fre- 
quent headaches for which he habitually 
took aspirin. Physical examination re- 
vealed generalized purpura. The spleen was 
not palpable. The temperature, pulse and 
respiration were normal. Blood studies 
Avere within normal limits except for a plate- 
let count of 11,000. He was treated medi- 
cally for 2 weeks udth temporary clinical 
improvement following which purpura re- 
curred. During this time the platelets ranged 
between 4000 and 15,000. Splenectomy was 
performed Sept. 11, 1946, and was followed 
by prompt cessation of purpuric manifesta- 
tion. The platelets increased to 60,000 in 
5 hours, and a peak of 258,000 Avas reached 
on the 4th postoperatiA’-e day. The patient 
made an uneventful recovery and Avas dis- 
charged Sept. 22, 1946, at AA'hich time the 
platelet count aa'ss 61,000. He returned for 
a check-up Oct. 4, 1946, 23 days after splen- 
ectomy. He had had no recurrence of 
symptoms and platelets numbered 249,000. 

Sternal aspirations AA'ere done on Septem- 
ber 5 and September 14. The differential 
count of marroAv cells Avas Avithin norma! 
limits except for changes in the megakaryo- 
cj'tes. Studies of these cells are reported in 
Table 2. 

The results of the studies on the mega- 
karyocytes in these 3 cases of idiopathic 
thrombocytopenic purpura may be seen 
in Table 2. Preceding splenectomy the 
megakaryocytes AA-ere noticeably increased 
in numbers in all 3 cases, and platelet pro- 
duction Avas sharply reduced (Fig. 1). 
Distribution of tlie megakaryocytes ac- 
cording to maturity Avas not significantly 
different from that of the control group 
e.xcept for a slight increase in niegakaryo- 
blasts in Case 3. Changes in the nucleus 
or cytoplasm regarded as being of a 
degenerative character occurred in ap- 
proximately 5 % of the megakaryocytes in 
Case 1. 127c in Case 2, and 3 7 in Case 3. 
These changes included an occasional cell 
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megakaryocytes forming platelets had in- 
creased from 15 to 70% in Case 1, from 
16 to 83 % in Case 2, and from 33 to 58% 
in Case 3. In Case 1 many of the mega- 
karyocytes bore great masses of platelets 
representing in many instances more than 
one-half their cytoplasmic area (Fig. 2) 
and many large clumps of platelets lay 
free in the marrow. The platel et forming 


above normal levels. It seems probable 
that a later aspiration in Case 2 might 
have revealed more striking activity, since 
the platelets subsequently increased to 
703,000. No significant change in the 
distribution of megakaryocytes was ob- 
served following splenectomy in Cases 1 
and 2. In Case 3 the percentage of mega- 
karyoblasts decreased to normal levels. 



Fig. 2. — Sternal marrow prcpnr.itions from idiopathic thromixicytopenic purpura 4S hour.'i after 
.splenectomy (X SOO). A, Promegakarj’ocyto actively producing platelets. B and C , Jifaturo mepa- 
knr.vocyle3 showing massive platelet production. 


megiikaryocytcs showed a marked ten- 
dency to occur in clumps. In Cases 2 and 
3 the large mas.scs of platelets per cell were 
Iticking, hut the percentage of megakaryo- 
cytes showing active platelet formation 
had incrca.so(l to normal levels. This 
absence of unusual platelet forming activ- 
ity may be correlated with the fact that 
at the time of the sternal a.spiration the 
blood platelets in neither c.ase liad risen 

voi.. CU, NO. 5— )ir-rTr.s!ri'.n tSlT 


Discussion. There seems little doubt 
that wlien careful and detailed study of 
the megakaryoc\'te.s is made definite 
almonnalitics in these cells may be ob- 
served in certain cases of idiopathic 
thrombocytopenic purpura. Whether the 
changes are consistently present in all 
cases remains to he detenuined. There 
appears to he some lack of agreement as 
to the details of these changes, which 
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may in part be due to individual variations 
in teclinique and interpretation. The ac- 
cumulated observations on the alterations 
which occur in megakaryocytes have 
recently been excellently summarized by 
Dameshek.^ His ovm observations have 
been briefly outlined above. 

The results in the 3 cases of idiopathic 
thrombocytopenic purpura reported herein 
may be summarized as follows: (1) a 
definite increase in the number of mega- 
karyocytes; (2) no essential difference in 
cell distribution when compared to the 
control cases; (3) a striking decrease in 
platelet production when compared to the 
control cases; (4) moderate morphologic 
changes in the megakaryocytes; (5) active 
resumption of platelet production 48 hours 
after splenectomy. 

It is emdent that these findings differ 
from those reported by Liraarzi and 
Schleicher,® and Dameshek,^ in that no 
significant alteration in cell distribution 
occurred. As was observed by the latter 
in his cases of acute idiopathic tlwombo- 
cytopenic purpura, morphologic changes 
in the megakaryocytes were not striking. 
Too much emphasis cannot, therefore, be 
placed upon this feature as a diagnostic 
criterion in the acute form of the disease. 
The change which is the most striking, and 
which appears to be of the greatest sig- 
nificance is the failure of platelet produc- 
tion and the disappearance of this defect 
following splenectomy. 

The inconsistency of the observations 
of changes in the maturation of the mega- 
karyocytes in idiopathic thrombocytopenic 
purpura suggests that a considerable de- 
gree of indi^^dual variation may exist in 
the megakaryocj'tic response to the un- 
knovTi factor which is responsible. The 
studies of various workers®'®-'® suggest that 
some form of maturation arrest is present 
which is not borne out by the differential 
counts of megakaryocytes reported above 
in which the cell distribution did not 
deviate from the normal and was not 
appreciably influenced by splenectomy. 
It seems possible, however, that indiHdual 
variations such as these might be e.xplained 
if it is assumed, as was suggested by 


Minot,® that the point of interference with 
platelet formation is not primarily with 
cell development but m'th the budding 
off of platelets from the cytoplasm. Such 
a mechanism might well account for the 
morphologic changes in these cells, sug- 
gesting that rather than using up their 
substance in the formation of platelets, 
the megakaryocytes were growing old and 
degenerating.in the marrow m'thout hav- 
ing performed their normal function. 

The observ'ation of these distinctive 
morphologic and functional changes in 
the megakaryocytes in idiopathic throm- 
bocytopenic purpura seems to be of unus- 
ual importance in two respects. It gives 
promise, first, of being an additional sim- 
ple and practicable method for differen- 
tiating between primary and secondary 
purpura, and possibly, as suggested by 
Dameshek,® for predicting the value of 
removal of the spleen in a given case. 

It has also a wider significance in its 
bearing on the controversy regarding the 
mechanism qf„ hypersplenism. It seems 
reasonably certain that the inhibition of 
platelet forniation in the marrow could 
not be entirely the result of thrombo- 
cytolytic activity on the part of the spleen. 
Compensatory hyperplasia of the mega- 
karyocytes v-ith an attendant increase in 
younger forms might be explained on this 
basis, but in addition one would expect 
an increase ratlier than a decrease in 
platelet formation. It seems justified, 
therefore, to regard these findings as eri- 
dence of the hjqiothesis that idiopathic 
thrombocytopenic purpura is at least in 
part the result of the selective inhibitory 
action on the marrow of some substance 
elaborated by the spleen. 

In support of this theory is the accu- 
mulating eridence®'"'" that injections of 
extracts of spleens (thrombocytopen) from 
cases of idiopathic thrombocytopenic 
purpura are capable of inducing tempor- 
ary thrombocjdopenia in animals. Fur- 
ther investigation of throraboc^'topen is 
necessary before any conclusion regarding 
its natm-e can be reached. If this sub- 
stance represents an internal secretion of 
the spleen, concentrations of this fraction 
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of normal spleens should be capable of 
producing a similar effect in animals. At 
present injection of crude extracts of nor- 
mal spleens apparently does not result in 
thrombocytopenia. • 

Consideration of these facts leads one 
to question the soundness of the widely 
accepted theory that idiopathic thrombo- 
cytopenia as an example of selective hyper- 
splenism is due primarily to increased 
platelet destruction by the spleen. 

It is interesting that in all 3 of the cases 
reported above moderate thrombocyto- 
penia recurred following the postsplenec- 
tomy platelet peak, in 1 instance (Case 2) 
with a mild recurrence of purpura. This 
type of reaction has been noted frequently 
by other observers.^ The final suc- 

cess of splenectomy in these 3 cases must 
necessarily depend on continued observa- 
tion, although the experience of others 
justifies an optimistic prognosis. In Case 
3, at least, the mild thrombocytopenia 
observed 23 days following removal of 
tlje spleen apparently was dependent on 
a depression of the platelet forming activ- 
ity of the megakaryocytes (Table 2). 

This common tendency to temporary 
or even permanent recurrence of thrombo- 
cytopenia following remoA'^al of the spleen 
does not lend itself well to simple explana- 
tion. If the view that thrombocytopenia 
IS the result of inhibited megakaryocytic 
activity is accepted, one might assume the 


existence of a temporary instability or 
irreversible depression of megakaryocytic 
function which in many cases eventually 
becomes firmly reestablished at a normal 
level. On the basis of resumed thrombo- 
cytolytic acti^dty a reasonable e.xplanation 
becomes very difficult. It is to be hoped 
that continued investigations of the role 
of the spleen and the marrow changes in 
idiopathic thrombocytopenic purpura will 
clarify this and other confusing problems 
related to the disease. 

Conclusions. 1. In 11 control cases the 
number of megakaryoc^'^tes showing evi- 
dence of platelet production varied from 
56 to 80% with minimal degenerative 
changes. 

2. Three cases of idiojjathic thrombo- 
cj'topenic purpura showed marked depres- 
sion of platelet forming acti^dty the 
megakaryocytes and a moderate increase 
in degenerated forms. Forty-eight hours 
after splenectomy platelet production had 
returned to normal levels. 

3. A sharp increase in platelets occurred 
in all 3 cases after removal of the spleen 
reaching a peak within 10 days. This 
was followed by a temporary fall to 
thromboc3'topenic levels, in 1 case accom- 
panied by a mild recurrence of purpura. 
In this case moderate thrombocytopenia 
persisted and was apparently dependent 
on mild depression of jnegakaryocytic 
platelet production. 
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The purpose of this report is to present 
an iron preparation for oral administra- 
tion useful in the treatment of hypochro- 
mic anemias. Since it is well accepted 
that iron therapy is essential for hemo- 
globin production, the problem is one of 
selection of a preparation which is not only 
effective, but well tolerated by the patient. 
It is also nddely known that the iron salts 
now in use may result in unpleasant side 
reactions which may restrict or hinder 
adequate treatment. Since this is the 
result of the large amount of non-absorbed 
iron remaining in the gastro-intestinal 
tract, if a preparation is available that 
offers the same degree of utilization with 
smaller doses, it would be expected that 
the incidence of irritation would be less. 
Colloidal iron in the form of ferric hydrox- 
ide because of its chemical and physical 
properties seemed to us to offer these 
advantages. 

Utilization op Colloidal Ferric Hy- 
droxide. The study was diidded into 
2 phases. Our first concern was to deter- 
mine the utilization of the iron when ad- 
ministered orally as colloidal ferric hydrox- 
ide.* In a group of 6 patients, character- 
istics of whom are presented in Table 1, 
the rapidity of initial hemoglobin and red 
blood cell response was determined in 
order to calculate the dail3" percentage of 
iron utilization. These patients were in 
a chronic disease hospital where thej' had 
been obsen-ed preidously for several 
months or years, so that their er.vthropoi- 


etic status and response to iron therapy 
Avere well known. Hemoglobin determina- 
tions were bj'^ the use of the Sahli tech- 
nique and the red blood cell counts were 
determined bj’^ standardized red cell pip- 
ettes. Colloidal ferric hj'droxide was ad- 
ministered in doses of 75 to 150 mg. 3 times 
daily, between meals, for a period of 10 
days (1 patient was treated for 11 days). 
The blood tests were repeated at 2 day 
intervals during the period of observation. 
The results are summarized in Table 1. 
The daily utilization of iron varied be- 
tv'een 3 and 27.7% and on the average 
was equivalent to experiences^-® vdth fer- 
rous sulfate in doses of 200 to 400 mg. 
3 times dail^'. 

The value of colloidal iron hydroxide 
for the treatment of bypocbrowic anemias 
over prolonged periods of time was stud- 
ied in a second group of 6 patients. The 
results are summarized in Table 2. A 
satisfactory^ response was obtained in 4 
patients. On Patients 5 and 6, an in- 
creased amount of the preparation was 
necessary before a hemoglobin rise oc- 
curred. Similar results were obtained 
previously with the use of ferrous sulfate. 
As in the case of ferrous sulfate, the 
maximum rise of hemoglobin and red blood 
cell counts occurred Mthin the first 5 
weeks of therapy. 

Gastro-intestinal Irritation. To 
ei'aluate the incidence of gastro-intestinal 
irritation resulting from the use of colloidal 
iron h.vdroxide as compared with ferrous 


* Each tablet contains 75 mg. ferric hydroxide, equii-alent to 39 mg. metallic iron. (This is equivalent 
to 107 mg. anhydrous ferrous sulfate.) The preparation was supplied by Crookes Laboratories, Inc. 
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sulfate,* the preparations were adminis- 
tered to a group of 107 patients who had 
been hospitalized for a wide variety of 
medical conditions. None of the patients, 
however, had any gastro-intestinal disease 
which might have influenced the results. 
There was no selection of patient for 
which preparation was given first. Either 


patients were observed with ferrous sul- 
fate. The preparations were administered 
in doses of either 1 to 2 tablets, 3 times 
daily and were given 1 hour after meals. 

The results are summarized in Table 3. 
The usual dose of ferrous sulfate produced 
approximately tvdce the incidence of gas- 
tro-intestinal irritation as compared vdth 
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drug Avas administered for a period of 
10 to 13 days, unless the onset of gastro- 
intestinal upsets prevented further ther- 
apy. rVfter a suitable rest period, usually 
1 Y'cek, the other preparation was insti- 
tuted and followed according to tlie same 
rcgiinen. In this way, 91 patients received 
the colloidal iron In’dro.vide. while lOG 


an equivalent dose of colloidal iron hydrox- 
ide. As to be e.xpected, doubling the dose 
resulted in an increased irritation in both 
instances. Not only was the incidence of 
irritation less, but also the severity and 
type of reaction were milder for the col- 
loidal iron hydroxide (Table 3). Consti- 
pation was the most frequent untoward 


Pwjmration used was ferrous sulfate e.vi-iccated in 0.2 nm. tablets di-pen,-efJ under tlie irtsde 
0 1‘oosou nianufactured by Smitli, Kline tt French Lal>omtoric 5 . 
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reaction noted. Vomiting and abdominal 
colic were not noted with the colloidal 
preparation. 

Discussion. Regardless of the type of 
anemia, whether primary or secondary, 
iron therapy is essential for proper restora- 
tion of hemoglobin content. For the pri- 
mary anemias, iron serves as an adjunct. 
Liver therapy in pernicious anemia results 
in a marked increase in red blood cells, 
but unless iron is administered simultane- 
ously, the final result will be a relative 


forms are utilized and effective*’* for 
hemoglobin production as long as absorp- 
tion occurs from the getstvo-intestinal 
tract. In the case of the ferric form, it is 
undoubtedly altered to the bivalent iron 
or ferrous state before absorption. Before 
this could occur, the iron must be made 
available as soluble salts by the action of 
the hji'drochloric acid of the stomach. 
Absorption takes place mainly in the upper 
portions of the small intestine, particu- 
larl}'- the duodenum and upper jejunum 


Table 3. — Incidence of Gastko-intestinal SrMFTOMs "With Use of Colloidal Ferric 
Hydroxide and Febbods Sulfate 
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Table 4.~TrPB and Incidence or Gastko-intestinal Symftosis for Colloidal Ferric 
Hydroxide and Ferrous Sulfate 
Colloidal ferric hydroxide Ferrous sulfate 
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* One patient presented 2 complaints, 

hemoglobin deficiency. For the hypo- 
chromic anemias which make up 90 to 
95%’ of all the anemic states, the “ad- 
ministration of suitable preparations and 
adequate amounts of iron is the single, 
most valuable method” for correction of 
the condition. Emphasis on “suitable 
preparations and adequate amounts” pre- 
supposes that iron medication is adminis- 
tered with full knowledge of its pharma- 
cology. 

It is immaterial whether the iron is in 
the ferrous or ferric state, since both 


and is facilitated by an acid medium. 
Tablets of iron salts that are unduly com- 
pressed or coated defeat the purpose of 
iron medication. There will be insufficient 
time, not only for adequate action of the 
gastric hydrochloric acid to result in solu- 
bilitj' but also for absorption, since the 
tablets, before they hai^e become disinte- 
grated, would have traversed those por- 
tions of the gut essential for absorption. 
It is not an uncommon clinical e.vperience 
to note such intact tablets in the lower 
portions of the small intestine, colon, or 
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even rectum upon roentgenologic exam- 
ination of the abdomen. 

Since all iron preparations may result 
in unpleasant gastro-intestinal symptoms, 
such as nausea, abdominal colic, consti- 
pation, or even diarrhea, they are best 
prescribed in divided doses, preferably 
with or immediately after meals. Those 
preparations which result in good hemo- 
globin restoration with the smallest pre- 
scribed amount are the ones of choice. 
However, there is no fixed dose for all 
patients. The requirement varies from 
patient to patient so that in any particu- 
lar case, exceedingly large doses may be 
necessary. Since the iron utilization of 
any preparation rarely is greater than 
15%, the largest amount of the irritable 
iron salts is unabsorbed and, therefore, 
available to produce gastro-intestinal ir- 
ritation. 

The principles of iron therapy require, 
therefore, a preparation which has: (1) 
an effective hematopoietic response with 
small amounts, i. c., a high index of 
utilization; (2) a readily available form 
for solubility and for action with gastric 
hydrochloric acid; (3) a low factor of 
irritability by virtue of its chemical nature 
and by the small amounts required for 
good hemoglobin restoration. Iron in the 
form of colloidal ferric hydroxide satisfies 


all of these requirements. Since iron 
hydroxide, combined with protein, is a 
normal constituent of foodstuffs, an added 
advantage is the utilization of a chemical 
substance existing in nature. Being in 
the colloidal state, it is more readily 
soluble in the acid gastric contents than 
the usual iron salts. Its colloidal nature 
offers a greater surface area for chemical 
action with the intestinal contents, thus 
facilitating alteration to the ferrous state. 
Utilization is very satisfactory. In regard 
to gastro-intestinal irritation, results indi- 
cate that the incidence of gastro-intestinal 
symptoms is approximately half that seen 
with ferrous sulfate. The severity of the 
gastro-intestinal irritation is also less and 
its occurrence is more transitory in nature 
so that the patient could continue the 
medication without complaint. Many 
patients unable to tolerate ferrous sulfate 
have very little difficulty with colloidal 
iron hydroxide. 

Summary. Colloidal iron hydroxide is 
an effective preparation for the treatment 
of hypochromic anemia. Its daily iron 
utilization, although equivalent to ferrous 
sulfate, is achieved with a smaller dose. 
The incidence and severity of gastro- 
intestinal complaints noted with its use 
are less than with ferrous sulfate. 


The authors arc indebted for tlie valuable assistance of Miss Eleanor Abrams, technician, and Miss 
Gwendolyn M. Newhook, research nurse of the Department of Therapeutics, New Y'ork University. 
Colloge of Medicine. 
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In 1935 the writer with Stanley-Brown 
and Bancroft,*^ using a newly developed 
method for the quantitative determination 
of prothrombin, showed that this clotting 
factor was normal in hemophilia but was 
frequently deficient in jaundice. This 
study which marked the beginning of the 
application of precise measurement of 
protlirombin in hemorrhagic diseases also 
included simple experimental evidence 
showing that the defect in hemophilia 
was a deficiency of tlwomboplastin. This 
was in accord with the conclusions of 
earlier investigators whose experiments 
were essentially qualitative.'^ 

If the deficient factor in hemophilia is 
thromboplastin, it becomes important to 
know where and how' this factor occurs 
in blood. The earlier investigators, noting 
that fibrin needles appeared at or near 
the locus w'here platelets disintegrated, 
concluded that these cells furnished the 
activator of prothrombin, namelj' throm- 
boplastin. Further support for this view' 
W'as supplied by the fact that the platelets 
in hemophilia agglutinate poorly and dis- 
integrate slow'ly. Gradually, how'ever, 
more and more er'idence has accumulated 
that the deficient factor in hemophilia 
resides in the plasma rather than in the 
platelets. Frank and Hartmann^ show'ed 
that the coagulation time of hemophilic 
blood was restored to normal by the addi- 
tion of plasma of a healthy subject. 
Patek,"-'- Taylor'-''® and their associates 
and Bendien and Creveld' isolated from 
plasma a protein fraction, globulin in 
nature, which when injected into a hemo- 
philic subject brought the clotting time 
to normal. Howell® in his Carpenter Lec- 

♦ This work was supported by a grant from 


ture also took the view that the plasma 
contains the activator of prothrombin, 
and advocated using the term plasma 
thromboplastin. He suggested that the 
agent was supplied to the plasma by the 
continuous destruction of platelets. This 
antihemophilic agent has recently been 
prepared in a highly concentrated form 
from normal plasma by the Boston group 
and it has given effective therapeutic 
results.^® Taylor^^ and his associates re- 
main noncommittal as to the exact func- 
tion of this agent in coagulation by em- 
ploying the term antihemophilic globulin. 
Lozner and Taylor,® however, on the basis 
of studies of the influence of various sur- 
faces on the clotting time, concluded that 
the effect of a foreign surface such as glass 
is not due to a lysis of platelet but is the 
result of a ph^’sico-chemical alteration of 
a plasma constituent (globulin substance) 
with the formation of an active plasma 
thromboplastin. Earlier Lenggenhager® 
had proposed a similar theory, namely 
that prothrombokinin (comparable to 
globulin substance) in contact with a 
foreign surface is converted to thrombo- 
kinin w'hich combines w'ith calcium and 
prothrombin to form thrombin. Laggen- 
hager dismissed the platelets entirely as 
har'ing any role in coagulation. 

Recently a number of observations have 
been made which require a reconsidera- 
tion of the platelets. The w'riter'® show’ed 
that when oxalated hemophilic plasma 
was highly centrifuged, it clotted much 
more slowly on recalcification than the 
same plasma subjected to a rate of centri- 
fugation which did not remove the plate- 
lets (1200 r.p.m.). Jaques et alJ employ- 
the United States Public Health Service. 
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ing a new water repellant agent, a silicone 
which effectively delays the clotting of 
blood, were able to deroonstrate clearly 
that the clotting time in glass of normal 
plasma was affected by the number of 
platelets. Feissly^ in his latest publica- 
tions has come to the conclusion that the 
platelets play a major role in coagulation 
and he postulates that they contain both 
a thermostable and a thermolabile acti- 
vator of prothrombin. 

This state of confusion can be attributed 
in large part to the lack of quantitative 
studies and to an overemphasis of the 
significance of the clotting time. Brink- 
hous^ in a notable study was probably the 
first to use a different quantitative ap- 
proach. He showed that in hemophilia 
prothrombin is converted very slowly to 
thrombin and that this delayed conversion 
can be corrected by adding thromboplas- 
tin. Very recently Chavallier and his 
associates® have also emphasized the high 
concentration of protlirombin remaining 
after hemophilic blood has clotted. In 
the present study, the consumption ,of 
prothrombin in the clotting of normal and 
hemophilic blood has been employed as 
the key and with this means a series of 
findings have been made which serve to 
offer a more concise explanation for the 
defective coagulation observed in hemo- 
philic blood. 

Experimental. A Comparison of the 
Effect of Progressive Dilution of Thrombo- 
plastin on the Prothrombin Ti.me of Normal 
and Hemophilic Plasma. Blood was col- 
lected in syringes coated with silicone* 
and transferred to test tubes also treated 
with silicone and immersed in an ice bath. 
By means of high centrifugation, a plasma 
was obtained which remained fluid in the 
silicone treated container for several hours. 
This native plasma obtained from both 
normal and hemophilic subjects was used 
to test the effect of deercasing concentra- 
tions of thromboplastin. Tlie results are 
recorded in Table 1. 

From these findings one can conclude 
that hemophilic plasma reacts with throm- 


boplastin as readily as does normal 
plasma; or in other tvords, the prothrom- 
bin of hemophilic blood is converted to 
thrombin as readily as that of normal 
blood. The results are contrary to the 
theory that hemophilic blood contains an 
antithromboplastic agent. The slightly 
shorter prothrombin time of normal as 
compared to hemophilic plasma at high 
dilutions of thromboplastin can be ac- 
counted for by the fact that the former 
contains a certain amo^^nt of plasma 
thromboplastin which augments the action 
of the added agent. 

The Thromboplastin Content of Platelets. 
Sixty cc. of rabbit blood were mixed im- 
mediately after withdrawal with an equal 
volume of ice cold 10% sodium citrate. 
The blood was centrifuged for 10 minutes 
at 800 r.p.m. The plasma obtained was 
again centrifuged for 10 minutes at the 
same speed to remove the remaining eryth- 
rocytes. The supernatant plasma was 
then centrifuged at 3000 r.p.m. for 1 hour. 
The packed platelets were ground with 
1 cc. of 0.85% sodium chloride solution 
and incubated at 50° C. for 20 minutes. 
The thromboplastin content is indicated 
by the following experiment; 

Oxalated human plasma . 0 1 cc. 

Platelet c.xtrnct . . 0.1 cc. 

C-alcium chloride 0 02 M 0 . 1 cc. 

Clotting time SO sec. 

O.xalatcd human plasma . . 0 . 1 cc. 

Saline solution . , 0 1 cc. 

C.alcium chloride 0 02 M , . 0 1 cc. 

Clotting time 100 sec. 

These results suggest that the thrombo- 
plastin supplied by the platelet extract is 
very small. It is probable that even this 
minute amount may have been an impur- 
ity rather than an actual product of the 
platelets themselves. 

The ConsumjJtion of Prothrombin in the 
Coagulation of Normal and Hemophilic 
Blood. In order to study the change in 
the concentration of prothrombin during 
coagulation, the following test was devel- 
oped: 


Two cc. of blood are transferred to a 

’ Mr. ,1. Hurley. .Ir.. of the Gcnc.-nl Electric Comp.iny kindly j^upplied the matcri.al n.K-d in thi' 
research. The coTOj-vound ■n'hich is mcthyWhloro-sil.nnc is commercially known as Dri-Film No. f'9S". 
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small pjTex test tube (100 x 13 mm.) and 
placed in a water bath kept at 37° C. 
One hour after a solid clot is formed, the 
tube is centrifuged to separate the serum. 
To a mixture of 0.1 cc. of thromboplastin 
and 0.1 cc. of fibrinogen solution, 0.1 cc. 
of the serum is quickly added by bloidng 
from a pipette, and the coagulation ac- 
curately timed. The prothrombin is again 
determined 3 and 24 hours after coagula- 
tion. The test for the 1 hour serum is not 
always entirely accurate since a variable 
quantity of free thrombin may be present 
which in 2 or 3 hours is converted to 
inactive metathrombin. 


Prom the results in Table 2, it can be 
concluded that the amount of prothrombin 
used up in the clotting of hemophilic blood 
is so small that it cannot be satisfactorily 
measured. It should be noted that the 
concentration of prothrombin even after 
24 hours is essentially unchanged. In 
marked contrast, approximately 80 to 85 % 
of the prothrombin is converted to throm- 
bin vdthin 1 hour after the coagulation 
of normal blood. It is very likely that 
almost all of this conversion occurs during 
the period of active coagulation, i. e., 
udthin the first 10 minutes, but since much 
free thrombin is present, a satisfactory 


Table 1. — The Influence of the Concentration of Thromboplastin on the Prothrombin 
Time of Natwe Hemophilic and of Norxul Plasma 


Prothrombin time* 


Concentration of 
thromboplastin 
(%) 

Hemophilic 

plasma 

(sec.) 

Normal 

plasma 

(sec.) 

100 . . 

. . 12 

12 

75 . 

. . 13 

13 

50 , 

. 14 

14 

20 . . 

17 

17 

10 . . 

. 19 

IS 


Prothrombin time* 


Concentration of 
thromboplastin 
(%) 

Hemophilic 

plasma 

(sec.) 

Normal 

plasma 

(sec.) 

5 

. . 24 

25 

2 . . 

. . 35 

34 

1 . . 

. . 52 

47 

0 5, . 

. . 69 

63 

0 . . 

. . 3600 

120 


* One-tenth ce. ol native plasma was mEsed with O.I cc. of saline solution and 0.1 cc. of thrombo- 
plastin quicklj' added. 

Dehydrated rabbit brain (200 mg.) was mixed with 5 cc. of saline solution and incubated at 50° C. 
for 20 minutes. For preparing the dilutions, the supernatant liquid was used. 


The thromboplastin is prepared from 
rabbit brain dehydrated vdth acetone 
according to the author’s method. Unless 
the preparation jdelds a prothrombin 
time of 12 seconds for fresh human oxa- 
lated plasma, it is not suitable for the test. 

The fibrinogen solution is prepared from 
citrated rabbit* plasma, which is first 
treated with aluminum hydro.xide to re- 
move prothrombin (component B). One 
volume of the treated plasma is mixed 
with 1.2 volumes of saturated sodium 
chloride solution in a conical centrifuge 
tube. The fibrinogen which is salted out 
is centrifuged off and packed into a small 
volume. The tube is rinsed with distilled 
water and the fibrinogen dissolved in 
0.3 % sodium chloride solution and brought 
to the same volume as that of the original 
plasma. 


determination is not possible. Little pro- 
thrombin is consumed after the 1st hour. 
It is rather surprising that a considerable 
quantity of prothrombin, often 10% or 
more, remains unchanged in the clotting 
of normal blood. There seems to be con- 
siderable variation in the prothrombin 
consumption of normal subjects but the 
cause is entirely unknovvm. 

The Effect of Added Normal Plasma and 
of Thromboplasttn on the Prothrombin Con- 
version of Hemophilic Blood. In order to 
determine whether normal plasma or 
thromboplastin in the form of a rabbit 
brain extract when added to hemophilic 
blood would increase the consumption of 
prothrombin, the experiments summarized 
in Tables 3 and 4 were undertaken. 

It is obrious that both plasma and 
thromboplastin increase the amount of 


* More recent obsorv.Ttions suggest that human fibrinogen may yield somewhat more reliable results. 
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prothrombin used up in coagulation and it 
is logical to assume that both contain 
the specific activator ,of prothrombin. 
Since thromboplastin injected intrave- 
nously causes intravascular clotting, while 
plasma by the same route does not, it 
seems certain that the agent in plasma is 
different for the substance found in tissue 
extracts. In the latter, the activator is 
free and immediately reactive, whereas in 
plasma it is inactive as will be shown by 
subsequent data. 


sure the coagulation time is also reduced 
to normal, but it is much more probable 
that the greater conversion of protlirom- 
bin is responsible for the normal hemo- 
static response that permitted for instance 
a major operation without any abnormal 
bleeding. Similar findings were made in 
a patient given plasma for a tooth extrac- 
tion. Apparently when the thrombo- 
plastic agent, or perhaps more correctly, 
the thromboplastin precursor is supplied 
by a transfusion, it is only gradually used 


Table 2. — Comparison op the Prothrombin Consumption in the Coagulation of Normal 

AND OF Hemophilic Blood 



Lee White 

Prothrombin time of serum 


coagulation 


. . . A_- 



time 

1 hr.* 

3 hrs.* 

24 hrs.* 


(min.) 

(sec.) 

(sec.) 

(sec.) 

Normal I 

7 

27 (19) 

33 (13) 

40 (9) 

11 . . 

8 

30 (IS) 

34 (13) 

34 (13) 

Ill . 

9 

32 (14) 

32 (14) 

37 (11) 

Hemophilic I 

25 

lOi (100) 

11 (100) 

101 (100) 

II . 

65 

10 (100) 

10 (100) 

m (100) 

Ill . 

. 140 

11 (100) 

10| (100) 

11 (100) 


* After a solid clot formed. 

The fiRures in parenthesis are the approximate prothrombin concentrations in % of normal. 


Table 3.— Changes in the Prothrombin Consumption in the Coagulation of Hemopiiii.ic 
Blood After the in Vitro Addition of Normal Pl.isma and of Thromboplastin 


Hemophilic blood 

cc. 

2 

2 

2 

2 

2 

2 

Normal plasma 

cc. 


0 02 

0 05 

0 1 



Thromboplastin 

CO. 





0 04 

0 2 

Coagulation time 

sec. 

1080 

300 

270 

270 

30 

17 

Prothrombin time 

1 hr. sec. 

10 (100) 

12i (SO) 

131 (GO) 

1 0 (50) 

19(30) 

34 (13) 

it a 

3 hrs. sec. 

. , 11 (100) 

12 5 (80) 

14 (55) 

17 (40) 

19 (30) 

35 (13) 

it it 

24 hrs. see. 

. 10(100) 

125 (80) 

14 (55) 

IS (35) 

19 (30) 

33(13) 


The fipires in parenthesis arc the approximate prothrombin concontrations in % of normal. 


Table 4.— The Effect of Intravenously Administered Lyophile Human Plasma on the 
Prothromrin Utilization in the Coagulation or Hemophilic Blood 


Before transfusion 

After injcctinc 2.50 ee. of plasm.a* 

2 Iiours after the injection of 250 cc. additional 
.After 24 hrs. 

.After 72 hrs. ... 


l.ee White 
coagulation 
time 

Protlirombin tinu 

of MTl 

1 hr. 

3 hr«. 

24 hrs. 

(min.) 

(•-ec.) 

(see.) 

(see.) 

00 

9> 

10 

11 

9 


19 

24 

S 

ISl 


27 

91 

IT 


23 

. 25 

14 


151 


* -After 250 cc. of plasma had been injected, a tenotomy operation for Icnptlioninf: the heel cord 
nas performed h\ Dr. Balter Blount. No abnormal bleedinp v.a.'' cncoiinterecl. The wound wa*' 
dressed and the Iok put in a plaster e.ast. He.alinq was normal. Bleedinc w.a.- eneountcred ivlien tlie 
stitche.s were removed 2 week,-^ after the operation, hut it was controllable by loc;il mcaMire-. 


Of great siguifieauce is the fact that ;i 
pla.sina transfusion causes :i snsinincd im- 
provement in coagulation as measured by 
the prothromhiu consumption test. To be 


up and therefore this treatment gives the 
patient a period of safety which is not un- 
like that of injecting fibrinogen in the fonn 
of pUusma in afibrinogenemia, or prolbmm- 
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bin in congenital hypoprothrombinemia. 
In all 3 conditions a quantitative lack of 
a basic factor needed in coagulation exists 
which can be temporarily corrected. 

The Influence of Platelets on the Conver- 
sion of Prothrombin to Thrombin. By 
coating the sjTinge and needle ndth sili- 
cone, blood can be %vithdrami \vithout 
causing more than a slight or negligible 
disintegration of platelets. On transfer- 
ring the blood to a test tube (likendse 


Obviously the removal of platelets 
markedly reduces the conversion of pro- 
thrombin. Thus, only a small amount 
of prothrombin was consumed in 3 hours 
as seen in Table 4. Even after 24 hours 
the loss of prothrombin is relatively little. 
In marked contrast the plasma in which 
the platelets were retained, clotted faster 
and the prothrombin was much more re- 
duced even during the 1st hour. It is 
highly probable that ■Ruth a highly refined 


Table 5. — The Influence or Platelets on the Consumption of Prothrombin During 
THE Coagulation of Normal Human Plasma 


Prothrombin time of serum 



Coagulation 

time§ 

' 1 hr. 

3 hrs. 

24 hrs. 


(min,) 

(sec.) 

(sec.) 

(sec.) 

Plasma I :* 

Highly ceutrifugedt 

. . 10 

10(100) 

11 (100) 

13 (70) 

Slowly centrifugedt 

. , 6 

25 (20) 

25 (20) 

24 (20) 

Plasma II:* 

Highly centrifugedt 

. . 24 

10 (100) 

10| (100) 

11 (100) 

Slowly centrifugedt 

7 

24 (20) 

25 (20) 

27 (19) 


* Both bloods had a coagulation time of 7 minutes by the Lee White method. 

+ 4000 r.p.m. 
i 1200 r.p.m. 

§ The coagulation time of plasma was determined by using complete opacity as the end point. 

The figures in parenthesis are the approximate concentrations of prothrombin in per cent of normal. 


Table G. — The Effect of PuATfeLETS on the Conversion of Prothrombin to Thrombin 



IN Mixtures of Hemophilic and 

Norxul Plasmas 






Lee White 

Prothrombin time of serum 




coagulation ^ 







time 

1 hr. 

3 hrs. 

24 hrs. 

No. 

Mixtures 


(min.) 

(sec.) 

(sec.) 

(sec.) 

1. 

Hemophilic plasma (high centrifugation) 

0 5 cc. 






Normal plasma (high centrifugation) 

O S cc. 

10 

9 

a 

13 

2. 

Hemophilic plasma (slow centrifugation) 

0 . 5 cc. 






Normal plasma (high centrifugation) 

0 .5 cc. 

4i 

11 

14 

16-5 

3. 

Hemophilic plasma (slow centrifugation) 

0.5 cc. 






Normal plasma (slow centrifugation) 

0 .5 cc. 

4 

14 

161 

19 

4. 

Hemophilic plasma (high centrifugation) 

0 5 cc. 






Normal plasma (slow centrifugation) 

0 5 cc. 

4 

12 

15 

155 

a. 

Normal plasma (high centrifugation) 

1 .0 cc. 

10 

lO'i 

11 

121 

6 . 

Normal plasma (slow centrifugation) 

1 .0 cc. 

G 

26 

2G 

30 


For high centrifugation the angle centrifuge was employed at a speed of 4000 r.p.m.; for slow speed 
a standard centrifuge at 1200 r.p.m. was used. 


coated with silicone) and centrifuging it 
at a relatively high speed (7 minutes in an 
angle centrifuge at 3500 r.p.m.) a plasma 
is obtainable which contains very few 
platelets. Such a plasma definitely clots 
slower than one obtained by slow centri- 
fugation and exlubits no clot retraction. 
A comparison of the prothrombin con- 
sumption during coagulation of plasma 
with and without platelets is given in 
Table 5. 


technique which would enable one to 
remove all the platelets before any 
disintegration occurred, an incoagulable 
plasma could be obtained; but even with 
the present relatively platelet-free plasma, 
the defective coagulation is striking. 
Nevertheless, this platelet-free plasma, 
when added to hemophilic blood, supplies 
the missing coagulant which is presumably 
thromboplastin. This suggests that the 
thromboplastin factor is not free in plasma. 
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but appears to be activated by the dis- 
integration of platelets. 

To test this hypothesis further, the 
changes in prothrombin were studied using 
various mixtures of hemophilic and nor- 
mal plasmas which were allowed to clot. 
A typical finding is recorded in Table 6. 
A study of these results shows clearlj' 
that platelets are necessary for the con- 
version of prothrombin to thrombin. The 
addition of normal platelet-free plasma 
to hemophilic plasma likewise deprived 
of platelets (Mixture 1) did not improve 
coagulation as measured by prothrombin 
conversion. The presence of platelets 
whether from hemophilic plasma (Mix- 
ture 2) or from the normal plasma (Mix- 
ture 4) brought about better cogulation 
and a greater consumption of prothrombin. 
This can be considered to be fairly clear- 
cut evidence that hemophilic platelets are 
equally as active as those of normal blood. 
Since hemophilic blood lacks thrombo- 
plastin, the actimty of hemophilic plate- 
lets cannot be due to their thromboplastin 
content, but due to an action that they 
exert on some agent present in normal 
blood which can be postulated to be the 
precursor of thromboplastin. 

Observations on the Coagulation Time of 
Hemophilic Blood. It has been observed 
by Afarious inA^estigators tliat tlie actual 
process of coagulation of hemophilic blood, 
1 . c., from the incipient appearance of 
fibrin to the complete conversion of 
fibrinogen covers a long period of time, in 
contrast to the exceedingly rapid comple- 
tion of coagulation of normal blood once 
it is begun. This can be effectively demon- 
strated by placing a glass rod coated with 
collodion, Avhich has an affinity for fibrin, 
in a test tube containing 1 cc. of hemo- 
philic blood. By carefully A\dthdraA\’ing 
the rod at fixed intcrA-als of time, the 
beginning of coagulation can be detected 
by a minute thread of fibrin adhering to 
the rod. As an example, a hemophilic 
blood tluis tested showed a fibrin thread 
in 10 minutes yet required 2 hours and 
20 minutes before a solid clot formed. But 
even a solid clot is not a reliable mca.^ure 


of complete coagulation. Thus, in a hemo- 
philic blood AAdiich gave a solid clot in 
45 minutes, unchanged fibrinogen could 
be demonstrated in the serum for over 
1 hour more. 

The striking effect of a minute quan- 
tity of thromboplastin on the coagulation 
time is illustrated by the folloAving experi- 
ment. To 1 cc. of hemophilic blood, AAdiich 
had a coagulation time of 2 hours and 
15 minutes, AA^as added 0.1 cc. of thrombo- 
plastin (an emulsion made by mixing 
200 mg. dehydrated rabbit brain A\dth 5 cc. 
saline solution) diluted 1 to 1000 Aidth 
saline. The coagulation time Avas reduced 
to 5 minutes. Thus, the addition of 0.1 cc. 
of highly diluted thromboplastin AAdiich 
contained only 2.5 gammas of solid mate- 
rial in solution, of Aidiich the greater part 
AA^as inert, reduced the coagulation time 
to normal. No detectable conversion of 
prothrombin, hoAvcA’^er, occurred. This 
finding can readily be explained. The 
addition of even a minute amount of 
thromboplastin produces an equivalent 
quantity of thrombin, Avhicli being an 
enzyme, converts fibrinogen sloAAdy but 
continuously to fibrin, so that in spite of 
its minuteness in amount, it coagulates 
enough fibrinogen in a fcAV minutes to form 
a solid mass. 

Discussion. In the experiments pre- 
sented in this study, it should be noted 
that nearly all observations Avere made 
on blood or plasma that had been little 
altered b^- external factors. EA'erA- at- 
tempt Avas made to preserve the delicate 
physico-chemical balance of the blood. 
By exceedingly simple means a number of 
significant obserA-ations on the behavior 
of liemophilic blood AA-ere made. 

Fundamentally, the defective hemosta- 
sis of hemophilia is due to a lack of avail- 
able thromboplastin in the blood. The 
prothrombin is normal both quantitatively 
and qualitatively. As .‘^hoAvn in Table 1, 
tlie actiA'ity of hemophilic prothrombin is 
equal to that of normal blood. Due to the 
lack of thrombopla.'^tin in hemophilic 
blood, A'ery little prothrombin becomes 
converted in thrombin. It is not :is Brink- 
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hous- concluded, a slow conversion of pro- 
thrombin to tlrrombin, but a quantitative 
lack of conversion. 

There is good evidence that the reaction, 
prothrombin thromboplastin -j- calcium 
== thrombin, is stoichiometric (Mertz, 
Seegers and Smith*®). From the present 
data one can conclude that normal plasma 
contains enough available thromboplastin 
to convert 80 to 90 % of the prothrombin 
to thrombin. By gi^^ng a hemophilic pa- 
tient a plasma transfusion, sufficient 
thromboplastin can be supplied to main- 
tain effective hemostasis for 24 to 48 hours, 
as seen in Table 4. The loss of adequate 
hemostasis runs parallel with the lack of 
prothrombin conversion as measured by 
the new test described. Apparently a 
certain amount of thrombin must become 
available promptly if satisfactory stanch- 
ing is to be achieved. Fortunately normal 
blood contains an excess of both prothrom- 
bin and tliromboplastin. A decrease of 
either agent leads to the same end result, 
namely, a deficiency of thrombin. In the 
case of protlwombin, a decrease to 20 to 
30% of normal brings the blood into the 
potential hemorrhagic zone. Although 
the present studies can be considered to 
be fairly quantitative, more data will be 
necessary before the danger level of throm- 
boplastin can be defined. It should be 
emphasized that the determination of the 
consumption of prothrombin offers the 
first promising means for assaying the 
thromboplastic activity of blood. 

The coagulation time, as becomes obvi- 
ous from the above discussion, is of limited 
value as a measure of hemostatic effective- 
ness. It is well known that a normal 
coagulation time is not uncommonly ob- 
tained even when the prothrombin is 
reduced below the hemorrhagic level. In 
the case of hemophilia the coagulation 
time is a somewhat better guide, but un- 
fortunately e^'en in this condition a 
temporary reduction of the clotting time 
to normal (carefully determined by the 
Lee White procedure) does not necessarily 
assure good hemostasis. As pointed out 
before, ah extremely small quantity of 


thromboplastin will cause the formation 
of sufficient thrombin to convert a large 
amount of fibrinogen to fibrin in a test 
tube. The same amount of thrombin 
in vino would be quickly dissipated by 
dilution and inactivation. Assuredlj'-, 
much greater caution must be exercised 
in interpreting the clinical significance of 
hyper- and hypocoagulability than has 
been done heretofore. Surprisingly, the 
coagulation time Avhen carefullj"" deter- 
mined may remain remarkably constant 
in a hemophilic for a long period of time. 
The VTiter has studied continuously 3 
hemophilic subjects from 3 to 17 months. 
In 1 the coagulation time has varied with 
few exceptions from 2 hours to 2 hours 
and 20 minutes, in the second from 25 to 
35 minutes, and in the third from 45 to 
65 minutes. Although these differences 
appear striking, all 3 suffered about the 
same number of bleeding episodes in a 
comparable period of time. In none is 
sufficient prothrombin consumed to allow 
an estimation of the amount. 

The results obtained in the present 
investigation clearly show that the plate- 
lets are essential for coagulation since they 
appear to be required for the activation 
of the thromboplastin which is present in 
the plasma in an inactive form. Lenggen- 
hager® who has likem’se postulated the 
presence of an inactive precursor in plasma 
has named it prothrombokinin. Since 
the name of the activator of prothrombin 
now generally accepted is thromboplastin, 
the term for the precursor should prefer- 
ably be either prothromboplastin or throm- 
boplastinogen, and of these the latter term 
is more desirable because it is more eu- 
phonious. From the results recorded in 
Tables 5 and 6, one can conclude that the 
platelets are responsible for the activation 
of the thromboplastinogen. It appears 
that platelets on disintegration liberate 
an enzyme which acts specifically on this 
precursor of thromboplastin. Hemophilic 
platelets would thus be normal in function, 
but have no thromboplastinogen to con- 
vert. As soon as this material is supplied 
by a transfusion of normal plasma, the 
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hemophilic platelets react, and fairly nor- 
mal coagulation is established. 

The agglutination and disintegration of 
platelets appear to be contingent upon 
the formation of thrombin. Pinniger and 
Prunty'® have observed that progressive 
alterations of platelets occurred in afibrin- 
ogenemic blood soon after it came in con- 
tact with glass. Pinniger^^ has further 
found that thrombin is formed in such 
blood. Apparently therefore the agglu- 
tination of platelets is independent of 
fibrin. In hemophilic blood in which the 
production of thrombin is very minute, 
the platelets remain unaltered. This sug- 
gests that the production of thrombin is 
related to platelet disintegration and it 
may well be that the following chain 
reaction is set up : formation of thrombin 
brings about the disintegration of plate- 
lets which in turn makes more thrombo- 
plastin available to form more thrombin. 
The coagulation of normal blood charac- 
terized by a latent period followed by a 
rapid conversion of fibrinogen to fibrin 
strongly suggests such a chain reaction. 

From the foregoing discussion one can 
postulate that 3 essential steps occur in 
the coagulation of blood : 

1. Thromboplastinogen -|- platelet 
enzyme thromboplastin. 

2. Prothrombin -j- thromboplastin 

calcium — > thrombin. 

3. Fibrindgen -f- thrombin — > fibrin. 

Two of the reactions are presumably en- 
zymatic while one is stoichiometric. The 
process undoubtedly is more complex than 
indicated l)y these skeleton equations. 


As already intimated, the action of plate- 
lets requires further study to determine 
their exact mode of action. It is probably 
that clotting in response to injury is often 
initiated by the entrance of tissue juice 
into the blood, but the effective comple- 
tion entails the disintegration of platelets 
and the conversion of the thromboplastin 
precursor to the active form. The activa- 
tion of prothrombin is complicated by 
the fact that apparently this factor con- 
sists of 2 components.^® Even the role 
of calcium is not understood.®® In hemo- 
philia the defect is in the second step, 
namely insufficient available thrombo- 
plastin in the blood to form an adequate 
amount of thrombin. The enigma why 
this deficiency occurs remains unsolved. 

Summary. Evidence has been present- 
ed to show that the hemostatic dysfunction 
in hemophilia is due to a lack of available 
thromboplastin in the blood. This causes 
an insufficient production of thrombin as 
shown by the fact that very little pro- 
thrombin is consumed in the coagulation 
of hemophilic blood. 

Results have been obtained that indi- 
cate that the thromboplastin of normal 
blood is present in the plasma in an inac- 
tive form, designated as thromboplastino- 
gen, which is changed to active thrombo- 
plastin by the action of substances from 
the platelets. 

The limitations of the coagulation time 
as an indicator of hemostatic efficiency 
are discussed. 

The coagulation is described as consist- 
ing of 3 fundamental steps: (1) the acti- 
vation of thromboplastinogen, (2) the 
formation of thrombin and (3) the conver- 
sion of fibrinogen to fibrin. 
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In previous work® it was found that 
certain amino acid preparations obtained 
by the hydrolysis of casein, when admin- 
istered intravenously to human subjects, 
produced a depression in voluntary food 
intake, whereas a mixture of the 10 “es- 
sential” amino acids did not cause a reduc- 
tion in the appetite. Also, during the 
course of that study, it was observed that 
if the casein hydrolysates here adminis- 
tered at relatively rapid rates, nausea and 
vomiting were likely to occur. The 
observations which form the basis for this 
report were made in an attempt to, deter- 
mine the contributing factors responsible 
for these undesirable effects. 

It has been reported^ that the addi- 
tion of either glutamic or aspartic acid to 
knomi amino acid mixtures, when given 
intravenously to dogs, greatly reduced 
the tolerance of these mixtures. Because 
the mixture of amino acids developed by 
Madden and Clay® and designated by 
them as “ITJJ”* failed to produce ano- 
rexia, nausea and vomiting the likelihood 
of other amino acids being responsible 
was evident. It was decided to determine 
whether the dicarboxylic amino acids 
would produce nausea or vomiting when 
administered intravenously to human sub- 
jects. 

A test dose of 0.S2 gm. of I-glutamic 
acid (jMerck) dissolved in 500 cc. of an 
S% solution of “ITM” mixture was ad- 
ministered to the first 3 subjects in these 
investigations. In subsequent studies 
with other subjects, the amount of glu- 


tamic acid was increased to 8.2 gm. dis- 
solved in either 500 cc. of an 8 % solution 
of “VUJ” mixture or in water. In all 
instances the glutamic acid was partially 
neutralized with sodium bicarbonate to 
bring the pH of the mixture approximately 
to that of the original “ITJJ” mixture. 
The material was steam sterilized before 
administration. 

From calculations based on the nitrogen 
content of the “.VUJ” it was concluded 
that 1500 cc. of “VUJ” solution (3 bot- 
tles) was equivalent to about 100 gm. of 
protein. Since casein contains approxi- 
mately 24.6 gm. % glutamic acid,^ the- 
amino acids derived from 100 gm, of 
casein would contain about 24.6 gm. of 
glutamic acid. The dose of 8.2 gm. of 
glutamic acid per 500 cc. of 8 % of “ ^^JJ ” 
mixture is the amount of glutamic acid 
which would be present in the amino acid 
mixture “"ITIJ,” if it were derived from 
casein. 

dl-Aspartic acid (Merck) was adminis- 
tered to all the subjects in these experi- 
ments at a concentration of 2.1 gm. per 
500 cc. of 8% “injj” mixture. This 
amount was likewise based on the esti- 
mate that casein contains 6.3% aspartic 
acid.^ All samples were steam sterilized 
before administration. No attempt was 
made to neutralize the small amount of 
aspartic acid which was added to the 
“VUJ” mixture. 

The subjects used in this stud^' were 
ward patients and were chosen on the 
basis of their willingness to cooperate; 


* I he amino .yid mixture UJ” contains tlie 10 essential amino acid? plus clycine and 50% of it 
P^v'^lnc ^R^alnvai-^X^J^ mixture was supplied throuch tlic rourtcsA- of Mcrch and Com 
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only those individuals with good veins 
were selected. During the course of this 
work some subjects whose voluntarj'- food 
consumption was being estimated received 
3 infusions of the supplemented 
solution per day for 3 daj^s, while the 
others received only a single infusion. As 
a control, unsupplemented “VUJ” solu- 
tion was administered intravenously to 
9 patients. Most of the subjects were 
given infusions at rates appro.vimating 
16 cc. per minute. Due to technical diffi- 
culties in administration, a few received 
the infusions at a slower rate. 


tolerated 9 doses of “VUJ” fortified with 
glutamic acid without experiencing either 
nausea or vomiting. With the administra- 
tion of this preparation occlusion of the 
veins was a common occurrence. Tliis 
was probably due to the hypertonicity of 
the material since, the solution used con- 
tained, in addition to the 8% “WJJ” 
solution, 8.2 gm. of glutamic acid and 
approximately 2 gm. of sodium bicarbo- 
nate. Pive subjects received 8-2 gm. of 
partially neutralized glutamic acid dis- 
solved in water. In tliis group, 2 subjects 
vomited and 2 became dizzy. Of the 


Table I. — The Effect of lOT’BAVEXOusLr Asministssed Glutamic Acid ox the Peodvction of 

Nausea or Vomiting 

(The glutamic acid was dissolved in either 500 cc. or or water) 

Glutamic acid 


Subject 



In “tTJJ” 

In water 

Rate 


No. 

Initials 

Sex 

(gm.) 

(gm.) 

(co./min.) 

Reaction 

1 

G. F.* 

M 

0.82 


16 

Vomited 

2 

P. C.* 

M 

0.82 

, 

17 

Nausea 

3 

F. S* 

M 

0.S2 


16 

0 


. 


8.20 


17 

0 

A 

L. B.* 

M 

S.20 


As fast as 

0 






45 


5 

W. S.* 

M 

8,20 


If 

0 

6 

D. 0.* 


8.20 



0 

7 

M. B. 

F 

8.20 


16 

Vomited 

,S 

F. D. 

M 

8 20 


16 

ti 

9 

F. G. 

M 

8.20 


16 

0 





8 2 

16 

Dizzj' 

10 

E. E. 

M 

8.20 


16 

Vomited 

a 

A. N. 

M 

8.20 


16 

{( 





8 2 

16 

V 

12 

A. S. 

M 

8.20 


17 

0 





8.2 

17 

Vomited 

13 

G. S. 

M 

. . 

8,2 

16 

Dizzj' 

14 

K. S. 

M 


8.2 

8 

0 

15 

G. C. 

M 

8.20 


20 

Vomited 

16 

tv. S. 

M 

8.20 


12.5 

Nausea 

17 

H. J. 

M 

8.20 


12 5 

(( 


* These subjects received 3 doses of the glutamic acid containing ‘‘VUJ” for 3 consecutive days. 


Results. Glutamic acid was adminis- 
tered intravenously to 17 patients. The 
results of this investigation are summar- 
ized in Table 1. Of the 3 patients who 
received 0.S2 gm. of glutamic acid dis- 
solved in “\TJJ,” 1 vomited and another 
became nauseated. Thirteen subjects were 
given S.2 gm. of glutamic acid dissolved 
in “ATJJ” and of these 5 vomited. One 
subject received both concentrations of 
glutamic acid and experienced no ill-effects 
with either. It is of interest that certain 
patients, such as Nos. 3, 4, o and 6 each 


entire group of 17 subjects who received 
glutamic acid dissolved in either 
or water, 8 vomited and 3 became nau- 
seated. 

The results of the administration of 
dl-aspartic acid added to 8% “ VUJ"solu- 
tion, are summarized in Table 2. In this 
series 13 subjects received the test dose; 
of these, 1 became flushed and 4 com- 
plained of nausea. 

The S% “"STIJ” solution alone was 
administered intravenously to 9 patients. 
These subjects constituted an excellent 
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control group and together they recei\"ed 
a total of 41 infusions of 500 cc. each. 
The rate of administration varied from 
17 to 45 cc. per minute. In no instance 
did vomiting occur and none of the pa- 
tients in this group complained of nausea. 


tures now available for clinical use. The 
amounts of glutamic and aspartic acids 
administered were derived by calculation 
from the data of Block and Bolling^ on the 
amino acid content of casein. The quan- 
tity of these dicarboxylic acids given was 


Table 2.— The Effect of Intbavenoesly Administered Asfartic Acid o.n the Phodvctjon 

OF Nausea 


(The aspartic acid, 2.16 gni., 

was dissolved 

in 600 cc. of 

"VU.l” mi.xture) 

Subject 

No. 

Initi.ils 

Se.x 

Rate 

(cc./min.) 

Reactions 

4 

L. B.* 

M 

8 

0 

5 

W. 0.* 

M 

13 

0 

6 

D. 0.* 

M 

15 

0 

18 

I. P. 

M 

33 

0 

19 

M. S. 

M 

33 

Flushed 

20 

G. G. 

M 

20 

Nausea 

21 

0. U. 

M 

9 

0 

22 

c. c. 

M 

7 

0 

23 

T. W. 

M 

17 

Nausea 

24 

B. H. 

M 

19 

0 

25 

tv. S. 

M 

8 

Nausea 

26 

H. C. 

M 

25 

0 

27 

A. G. 

M 

23 

Nausea 


* These subjeet.s received .3 infusion.s of “VUJ” containinf? aspartic acid per d.ay for 3 consecutive 
days. 


Discussion. The amino acid mi.xture 
“VUJ”, which does not contain any so- 
called “non-essential” amino acids other 
than glycine, can be administered at a 
rapid rate without producing either nausea 
or vomiting. This mixture presented an 
ideal vehicle for testing in humans the 
hypothesis proposed by hladden and his 
co-workers*'^ that glutamic and aspartic 
iicids are the factors in protein hydroly- 
sates which reduce the tolerance to these 
preparations when administered intra- 
venously to dogs. From the observations 
which form the basis of the present rcjiort, 
it appears that glutamic acid when ad- 
ministered intravenously has a definite 
tendency to produce nausea and vomiting 
in man. On the other hand, undesirable 
reactions occur less frequently when 
aspartic acid is administered intraven- 
ou.sly. It .should lie pointed out that a 
smaller amount of aspartic acid than glu- 
tamic acid was gi\'en. The reason for 
selecting the doses used in these studies 
was to obtain the concentrations of these 
amino acids comparable to those present 
in the preparations of amino acid mi.x- 


considered to be that which would appear 
in a casein hydrolysate equivalent to 
500 cc. of S% “VUJ” mi.xture. It ap- 
pears that glutamic acid must be admin- 
istered intravenously to have an emetic 
effect. Price, Waclsch and Putnam® have 
given 16 to 20 gm. of this acid orally to 
epileptic patients and only I of their 
8 cases complained of gastric symptoms. 

The data presented here on human sub- 
jects are consistent in a qualitative sense 
with those of INIadden and a.ssociutes'"'’ 
and also of Unna and Howe," who showed 
that both glutamic and aspartic acids 
produced vomiting in dogs. 

In G patients who received the “VUJ” 
solution to which glutamic acid wa,s added 
the influence of this mixture upon the 
amount of food voluntarily consumed 
was observed. The method used in deter- 
mining the influence of amino acid prejia- 
rations on the voluntary food intake was 
the same as that previously described.® 
The quantity of glutamic acid adminis- 
tered daily to 4 of these subjects was 
24.6 gm. dissolved in 1.500 cc. of “VUJ” 
mixture. The remaining 3 patients re- 
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ceived 2.4 gm. in the same volume of 
mixture. The resulting solution 
was given intravenously in 3 equally di- 
vided doses for 3 consecutive days. One 
subject recei^^ed both the high and the low 
levels of glutamic acid. In 2 of the pa- 
tients who received the low dose there was 
a marked <iecrease in food consumption; 1 
vomited violently, the other became nau- 
seated. None of the other subjects devel- 
oped either anorexia, nausea or vomiting. 
Thus, it is evident that the depression in 
food intake may be secondary to the ap- 
pearance of nausea or vomiting. 

Similar observations regarding the in- 
fluence of aspartic acid upon the \mlun- 
tary food consumption were made on 3 
patients. Each of these patients received 
6.3 gm. of aspartic acid dissolved in 
1500 cc. of “’iTJJ” solution. This mix- 
ture was given in 3 equallj' divided infu- 
sions for 3 consecutive days. None of 
these patients showed either a depression 
of the appetite, nausea or vomiting. 

Glutamic and aspartic acids constitute 
about one-third of the amino acid content 
of casein. The 2 protein hydrolysates 
which are most widely employed clini- 
cally use casein as the source of protein. 
These products, therefore, probably have 
a content of both glutamic and aspartic 
acids similar to that of casein.* The 
present work shows that the amino acid 
mixture “VUJ” which contains no di- 
carboxylic acids is better tolerated than 
any of the glutamic acids containing pro- 
tein hydrolysates. The hypothesis that 
glutamic acid and possibly aspartic acid 
are responsible for the nausea and vomiting 
in man when protein hydrolysates are 
given intravenously is supported by the 


evidence presented in this report. At the 
present time, however, the possibility of 
other factors contributing to the undesir- 
able reactions cannot be excluded. Mark- 
ed flushing, a common complaint due to 
rapid intravenous administration of pro- 
tein hydrolysates, was not noted in the 
patients who received these dicarboxylie 
amino acid solutions. This undesirable 
symptom is probably not due to glutamic 
and aspartic acids. 

It is kno'nm that psychologic influences 
are important factors to consider in 
evaluating the possible emetic effect of a 
given substance. In all this work the 
patients were told that the infusion was 
part of their general routine therapy and 
they accepted it as such. No leading 
questions or undue attention was expressed 
during the procedure. This eliminates to 
a large degree the possibility of psychic 
factors causing the nausea or vomiting. 

Summary and Conclusions. When glu- 
tamic acid dissolved in either the amino 
acid mixture “ ^TJJ ” or water was admin- 
istered intravenously, nausea or vomiting 
occurred in 11 out of 17 individuals. 
Two additional subjects became dizz^'. 

Aspartic acid was administered under 
similar conditions to 13 subjects and 
nausea or vomiting occurred in 4. When 
the amino acid mixture alone was 

administered to 9 patients, no undesirable 
effects occurred. 

The probability of the dicarboxylie 
amino acids being responsible for the 
decreased tolerance of casein hydrolysates 
is supported bj’’ the eridence presented in 
this study. However, the possibility of 
other factors producing nausea and vomit- 
ing cannot be e.xcluded. 


♦ “In ‘Parcnamine' the approximate value of glutamic acid is 24% and of aspartic acid 6% whicii 
is the percentage of these non-essential amino acids in casein.” This information was supplied by 
Earl L. Burbidge. M.D., Frederick Steams & Co., Inc., Detroit, Mich. 

No analytic values for glutamic and aspartic acids in "Amigcn” are available according to personal 
communication from tVarren M. Cox, Jr., Pr.D., at Mead Johnson & Co., Evansville, Ind. 
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There is some overlapping in the bio- 
logic properties of the steroid hormones. 
Testosterone, in addition to certain adre- 
nal cortical and ovarian steroids, has the 
property of causing some sodium reten- 
tion."* There is a great deal of indirect 
evidence that the adrenal cortices secrete 
androgenic substances.* Armstrong- and 
Williams ci al} have found testosterone 
to benefit patients ha\’ing adrenal cortical 
insufficiency. Does the presence or ab- 
sence of the testis modify the surwval 
times of adrenalectomized animals? Sev- 
eral studies, reviewed by Parkes,’ have 
been made of the effect of castration upon 
the sur\aval times of adrenalectomized 
animals with negative results. 

Table 1.— Mbdiuji 


Constituent Gms. 

Cellu flour 120 

Osborne and Mendel salt mwture . . 40 

Dried yeast (Pabst) 100 

tVheat germ oil 10 

Cod liver oil 10 

Mazola oil plus 100 mg. of vitamin K 
(2-methyl-l-4-naphthaquinone) . . 10 


The possibility that the favorable effect 
of a high sodium chloride intake upon the 
survival of adrenalectomized animals may 
be affected by the testis has not been 
studied. We have ree.vamined the effect 
of castration upon the survival of adrenal- 
ectomized rats and have included animals 
on both high and low levels of sodium 
chloride intake. The results were negative. 

Methods, ilale rats of the Sprague- 
Dawley strain were maintained on Purina 
Dog (5how until they reached a weight of 
300 to 325 gm. At this time 50% of the 
animals were castrated and all were trans- 
ferred to a sj-nthetic diet (Table 1) which 


they ate ad libiiim during the remainder 
of the e.vperiment. At the end of 2 weeks 
on the sjmthetic diet all of the animals were 
adrenalectomized by the method of Ingle 
and Griffith (1942). Asepsis was success- 
fully maintained. Each animal was kept in 
an indiridual cage during the remainder of 
the stud 3 \ The animals were housed in an 
air-conditioned room in which the tempera- 
ture was maintained at 74 to 78° F. and the 
humidity at 30 to 35% of saturation. 

Results. Twenty-two pairs of adre- 
nalectomized and adrenalectomized-cas- 
trated rats were observed during their 
surrival. All of the animals lost weight 
rapidl}'. The non-castrated rats lived an 
average of 13.6 daj's, with a range of (5 


Carbohvdrate Diet 

Constituent Gms, 

Mazola oil ... . ... 190 

Casein ICO 

Starch 200 

Dextrin 190 

Sucrose 200 


Water to make total volume of 2000 cc. 

to 25 da.vs for individual animals. The 
castrated animals lived an average of 
14..5 da\-s, with a range of 6 to 34 da.vs. 

Fifteen pairs of adrenalectomized and 
adrenalectoinizcd-eastrated rats were given 
1 % sodium chloride solution to drink for 
28 dax's. .All of tlie rats, both castrated 
and non-castrated, survived this period 
init either failed to gain weight or lost a 
few grams. .After treatment with saline 
was withdrawn ail of tlic animals lost 
weight rapidh' and died. The non-cas- 
trated rats lived an average of 11.9 da.vs, 
with a range of G to IS da.vs. Tiic eas- 
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trated rats lived an average of 15.3 days, 
with a range of 5 to 35 days. 

It can be concluded that the presence 
of the testis does not favor the survival of 
the adrenalectomized rat, either with or 
without treatment with saline. 

Summary. Tv’^enty-two pairs of adre- 
nalectomized and adrenalectomized-cas- 
trated male rats eating a medium carbo- 
hydrate diet ad libitum survived an 


average of 13.6 and 14.5 days respectively. 
Fifteen pairs of adrenalectomized and ad- 
renalectomized-castrated rats lived for 
28 days in apparent “good health” when 
1% sodium chloride was added to the 
drinking water. Following thewithdra^val 
of saline the adrenalectomized rats sur- 
vived an average of 11.9 days and the 
adrenalectomized-castrated rats an aver- 
age of 15.3 days. 
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Certain maladies of the shoulder joint, 
subdeltoid bursa, palmar fascia and finger 
joints are recognized as sequelae of mj’'o- 
cardial infarction. Although the precise 
mechanism of these disorders has not been 
described, most investigators favor the 
mediation of neurotrophic stimuli from the 
infarcted ventricle to the cervical derma- 
tomes and metameres coordinated with 
the cardiac nerves. 

Cutaneous lesions, however, have not 
been described in this connection. Par- 
sonnet'* has noted herpes zoster of the left 
}jemithora.Y in dose temporal relation to 
coronary thrombosis; shingles, however, is 
a distinct entity. It is now possible to 
record a case in which, promptly after a 
myocardial infarction, there appeared sj'm- 
metrical cutaneous vesicles which ruptured 
to leave deep, slowly healing, painless 
ulcers of the digits. 

Case Report. A. B., a 49 j'ear old white 
man, first noted angina pectoris when he was 
41. He suffered his first mj'ocardial infarc- 
tion in March 1945. 

During the night of jMarch 9, 1946, he 
was stricken with an acute posterior m 3 ' 0 - 
cardial infarction. The pain was verj' severe, 
but like his angina and prior attack, was 
limited to the chest; at no time had he 
e.vperienced pain in the hands, arms or 
shoulders. Two grains of morphine sulfate 
were required to allay the distress. About 
12 hours after the onset, he noted 2 vesicles 
sjmmetricalh’ placed over the metacarpo- 
phalangeal joints of the indax fingers. The 
thin coverings of these blisters ruptured 
spontaneously the next daj’ and deeplj’ 


punched-out, painless ulcers were left, the 
right being twice larger than the left (Fig. 1). 
The escapmg fluid was noted as colorless. 
A coagulum formed quicklj’- in the- base of 
each ulcer; the pink halo of surrounding 
inffammator}’’ reaction was slight. The 
ulcers were filled in from below the coagula 
and from the sides, until after some 10 or 
12 weeks only whitish-pink depressed scars 
remained. At no time in the course of the 
ulcers was anj’- pain whatsoever experienced. 
There were no neurologic signs, no thicken- 
ing of the palmar fascia, no arthritis of the 
hands, and no e%ddence of bursitis of the 
“shoulder sjusdrome." 

The tj-pical electrocardiograms are shown 
in Figure 2. 

Discussion. We are of the opinion that 
the sj'mmetrical ulcers of the hands of the 
patient reported are the result of the mjm- 
cardial infarction, and are, therefore, re- 
lated to the painful shoulders, the dis- 
ability of the hands, and Dupujiren’s 
contracture' reported in the past decades 
and now recognized as late complications 
of the cardiopathy'. In the same category, 
also, are the less well-knou'n phenomena of 
localized sweating of the chest and arm 
replacing cardiac pain*-" (first noted by 
Mackenzie’®), herpes zoster of the thorax 
in the course of coronary disease.’* and 
paroxysmal ocular ptosis Mth angina." 

Various theories have been postulated 
concerning the mechanism of the involve- 
ment of the upper c.xtremities. Libman® 
believed tliat there was a to.xic effect of the 
ventricular necrosis on joints whicli were 
previously scn.sitized by the “gouty dia- 
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thesis” or other arthropathy. Boas and 
and Levy discussed the sensitization of a 
dermatome by another disease. Edeiken 
and Wolferth* suggested an analog}" be- 
tween causalgia and the' shoulder s}m- 
drome. To Meyer and Binswanger*^ “the 
possibility of a trophic disturbance follow- 
ing reflex vasomotor changes caused by 
radiation of the pain donm the extremity” 
seemed most applicable. Johnson® was 
of the opinion that the shoulder and hand 
s}'ndromes were not related; that the 
shoulder pain was due to voluntary or 
involuntar}" splinting of the shoulder be- 
cause of “fear of initiating recurrence of 
the anginal pain and because the shoulder 
itself is the site of reflex tenderness.” 
The “post-infarction sclerodactylia” he 
believed due to increased r^asoconstriction 
of the peripheral arteries from pain and 
fear. KehF claimed that in Dupuytren’s 
contraction following ventricular infarc- 
tion "irritation of the sympathetic gang- 
lia” might play an important part. Al- 
though Askey' noted 2 instances that 
suggested a predominant role of the sym- 
pathetic nerves, the majority of his cases 
seemed to him to be a lighting up of a 
pree-xisting arthritis. 

Ail of the above e.xplanations except 
Libman’s and Johnson’s have a common 
denominator of trophic impulses trans- 
mitted from the diseased heart down the 
areas of cardiac radiation. These specu- 
lations leave us with a sense of incomplete 
e.xplanation, since no provision has been 
made for the prompt appearance and vkcra- 
tlon of the hands as in our case. After 
reviem'ng, in this connection, the late Sir 
Thomas Lewis’ investigations on herpes 
zoster, we believe that while his thesis of 
antidromic nervous stimulation is not 
fully proved, it is more acceptable than 
the other mechanisms mentioned. 

Lends® mentioned that Strickler in 1870 
learned that the skin of the limb flushed 
when the cut posterior spinal nerves were 
stimulated peripherally. Langley later 
showed that this reaction could be pre- 
vented by section of the peripheral sensory 
nerves and might be produced by the dis- 


tal excitation of these fibers. These oft- 
confirmed experiments proved to Lewis 
that the nervous impulses “are carried 
. by the sensory nerves antidromically and, 
ultimately, so it has been supposed, to 
reach the \-essel tlmough sensory nerve 
off-shoots.” Langley, Ba}diss and Gaskeli 
independently recognized the incongruity, 
of regarding the antidromic impulse as 
similar to impulses conducted by vaso- 
motor nerves in general and theorized 
that the final result of an antidromic reac- 
tion might be the liberation of certain 
metabolites. It remained for Lewis, using 
Langley’s cat’s paw preparation, to dem- 
onstrate that antidromic vasodilation 
could be delayed by arresting the circula- 
tion to the limb and, therefore, that the 
flushing was unquestionabl}" due to the 
liberation of a vasodilator substance. 

Lesions identical to herpes zoster may 
follow invasion of the posterior root gan- 
glion by either malignancy or trauma. 
Blisters and “tropliic” ulcers, likewise, 
frequently follow injuries of peripheral 
sensory ner^'es. Occasional!}', herpetiform 
lesions accompany causalgia. Thus, to 
use Lewis’ words, “ herpetic or herpetiform 
eruptions occur as sequels to lesions of 
the sensor}' nerve tracts; not only do the}' 
follow irritati\'e lesions of the ganglia, but 
they are produced also b}' lesions of those 
tracts distal to the ganglia themselves.” 

Lewis and hlarvin believed they were 
unable to reproduce vesicles as the result 
of experimental antidromic stimulation in 
animals or man because they could not 
maintain nerve stimulation over a suffi- 
ciently long period. 

We return to the unique s}'mptomatoI- 
ogy of our case that distinguishes it from 
the shoulder and hand syndromes previ- 
ously reported; (1) the prompt appear- 
ance, and (2) the vesicle formation and 
later \ilccration of the skin. These may 
be explained iry antidromic stimulation 
of prodigious degree from the infarctori 
heart. The fact that our patient w:ls not 
conscious of pain radiating down liis arms 
during the acute myocardial infarction 
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(nor, for that matter, during his anginal 
episodes) fortifies the concept that anti- 
dromic impulses are totally different from 
the usual impulse transmitted centri- 
pedally through sensory nerves. It is 
worthwhile to mention at this point that 
in the literature quoted the usual shoulder 
and hand disability appeared in many 
patients without cardiac pain radiating 
to the arms or hands. 


Summary. “Trophic” ulceration of 
the hands is a rare and apparently hither- 
to unreported complication of myocardial 
infarction caused, we believe, by impulses 
from the infarcted heart mediated anti- 
dromically through the sensory nerves. 

We suggest that antidromic impulses 
may be the mechanism of production of 
the other maladies of the shoulder and 
hand following myocardial infarction. 


Wg are indebted to Dr. William Dock for many helpful suggestions. 
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PULMONARY VASCULAR LESIONS IN SILICOSIS AND RELATED 

PATHOLOGIC CHANGES 

By Erving F. Geever, M.D. 

ASSISTANT PROFESSOR OF PATHOLOGV 
DENVER, CODORADO 

(From the Di\nsion of Industrial Hygiene, University of Colorado, School of Medicine) 


The effect of silicosis on tlie pulmonary 
circulatory sj^stem and, indirectlj", on the 
right half of the heart constitutes one of 
the important complications of this dis- 
ease. Such sequels as pulmonarj' hyper- 
tension and right-sided cardiac dilatation, 
hypertrophy and failure are generallj' 
attributed to obliterative vascular changes. 
However, with the exception of Gerstel’s® 
report in 1933, detailed descriptions of 
the vascular lesions and their pathogenesis 
are not available in the modern literature. 
Other workers have described vascular 
changes briefly in a general description 
of silicosis or in relation to some other 
aspect of the pathologic changes. For 
example, the Coles^ believed that the dysp- 
nea of silicotic patients was due to oblit- 
eration of pulmonary capillaries. Gard- 
ner,^ in a presentation of pneumoconioses 
of all types, mentioned anemic necrosis as 
a cause for the irregular slit-like ca^^ties 
which are found in silicotic fibrous masses. 
Vorv'ald^^ also described, among other 
tj'pes of ca^dtation, a form in conglomerate 
nodular fibrosis which was considered sec- 
ondary to interference with blood supply. 
Riddell” reported multiple thromboses of 
the pulmonary arteries in an interesting 
case report of silicosis. Policard, Crozier 
and jMartin® regarded vascular interfer- 
ence as important in the camification of 
pulmonary tissue between silicotic nodules 
and masses. 

The present studj’ was undertaken in 
an attempt to furnish additional informa- 
tion concerning the nature and evolution 
of the vascular lesions and to examine as 
far as possible related changes in the heart 
and lungs. 


Material and Methods. The patholo^c 
materia] u-as obtained from necropsies per- 
formed b 5 ’' the author and from stored speci- 
mens collected in the Colorado General Hos- 
pital. The series consisted of 45 cases of 
silicosis. An attempt was made to keep the 
silicotic series as “pure” as possible; thus, 
many cases were eliminated because of gross 
or extensive microscopic eridence of com- 
plicating pulmonarj’- tuberculosis. An equal 
number of fairlj' normal controls was stud- 
ied. These cases were unselected and con- 
secutive, except for age, in a series examined 
postmortem by the author. Since the major- 
it}' of the silicotic patients in this study 
were over 50 years of age at the time of 
death, the controls were taken from a similar 
age group to eliminate the possible effect of 
senile “wear and tear” on the pulmonarj’ 
vessels. 

The pulmonarj’ parenchjma and vessels 
were e,\'amined grossly and microscopicallj’. 
The examinations were made in most cases 
on sections from the peripherj’, mid-lung 
and hilus, so that vessels of all possible 
dimensions were available for comparative 
studj’. Hematoxylin and eosin and Weigcrt’s 
elastic fiber stains were performed on paraffin 
blocked tissue prepared in routine fashion. 
A lesser number of sections was stained bj- 
Van Gieson’s method for connective tissue, 
Turnbull’s blue method for hemosiderin, and 
by the scarlet red method for fat. Micro- 
incineration was performed on the pulmon- 
arj’ sections of 5 silicotic cases.* At least 
SO andlnften as manj* as ICO vessels were 
e.xaminea in each case; the average number 
was about 140. The changes were tabulated 
according to the size of the vessel: “large" 
for vessels' over 1 mm. in diameter; “me- 
dium ” over 0.4 mm.; "srhall” over 0.15 mm.; 
arterioles, venules and capillaries 0.15 mm. 
and below. 

In grading the degree of .rilicosi.':, paren- 


• Micro-incineration was performcri tf.roucli the courtesy of Hr. Ilrnry Ynco/In of the Xathnnl 
Institute of Health, Bethesda, Md. 
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f;hyjii:!l chniiiies only were measured. Pleu- 
r.'d i/lnrjUf ri nnd isolated fibrosis in peri- 
brosuUiol !.ympb nodes rvere not included. 

v.-ere separated into 2 groups; 
dir-' re! e m’dular silicosis for lesions varying 
frniii 0.2 0.5 mm. in diameter and includ- 

ii'i'; ocea'^inv.ivl zones of fibrosis up to 1 cm. 
in tbeir )drii;r-st axis; and massive congloraer- 
;0e nodidar silicosis for masses over 1 cm. in 
t!u;ir longest axis. Thus, the silicosis in this 
series w.ns well advanced and corresponded 
to 0:rade.4 2 and 3 by usual roentgenologic 
rt'indr.rds ff classification. This series was 
inr-dc: uj) .(>f 20 cases of discrete nodular and 
2.'1 ern es o; massive conglomerate nodular 
siheosis. 

Results. Gross vascular changes w'ere 
slriking in* some instances. Extensive 
arterini ilu-ombosis was encountered in 2 
ease,- of discrete nodular and in 7 cases 
of i'lijissive conglomerate nodular disease. 
The !hro!!ibi Avere firm, adherent, and in 
various .-^lages of organization. Occasion- 
vJIa- iniibiple, papillomatous, incompletely 
oceuiding. and discontinuous thrombi w’cre 
I'omul -uiihin the main arterial channels 
in massive conglomerate nodular silicosis. 
The vessels affected Avere sometimes en- 
circled by a ring of enlarged hard lymph 
nodes. Infarcts Avere not observed. In 
the large arteries of S controls thrombi 
Avere found; in all cases they A\'ere taken 
to be embolic and in 7 instances AA-ere 
accompanied by infarcts. 

jMicroscopic examination provided the 
important information concerning A-ascu- 
lar changes. Of all stains used, Weigert’s 
for elastic tissue proved most valuable. 
To avoid repetition in the text it can be 
stated here that in discrete nodular silico- 
sis tile changes Averc most marked in small 
vessels, arterioles, A’cnulcs and capillaries 
only. In massive conglomerate nodular 
involvement vessels of all sizes Avere af- 
fected. Tavo processes CA-oked A-ascular 
changes; tlirect encroachment upon the 
vascular Avail by nodules or nodular masses 
and infiltration by highly cellular dust- 
and pigment-boaring granulation tissue. 
I lie latAer advanced irregularly along the 
margin of the nodnie or nodular mass. 


Arteries. Inihmi and Lumen. The 
direction of moA’ement of infiltrating dust- 
bearing granulation tissue about affected 
A'essels Avas from the periAmscular region 
toAvards the lumen. Before the lumen 
AA'as reached, hoAA^eAmr, intimal changes oc- 
curred. They began frequently on the 
encroached side of the A’essel. Metaplasia 
of intimal endothelium to fibroblasts and 
proliferation of fibroblasts were early reac- 
tions which led to intimal thickening 
(Fig. 1). Later, sprouting capillaries 
AA’hich seemed to arise also from intimal 
endothelium became A'isible in the thick- 
ened intima. Scattered round cells and 
pigment particles, usually positive for 
hemosiderin, Avere apparent in the stroma 
of the thickened layer. Elastic tissue 
stained sections at this stage of the vascu- 
lar change occasionally revealed thicken- 
ing of the intimal elastica (Fig. 2). The 
intimal elastica at all times resisted either 
encroachment by nodules or infiltration 
by granulation tissue much longer and 
much more effectively than did the smooth 
muscle elements in the adjacent media. 
HoAvever, Avith prolonged encroachment 
or infiltration dcgeneratiA’^e changes even- 
tually occurred in the intimal elastica. 
Splitting, unraA'elling, thinning, pallor and 
partial disappearance Avere observed. In 
some instances hyaline transformation of 
intimal elastica Avas noted. All elastic 
changes Avere particularly marked in 
medium and small sized arteries trapped 
in the centers of conglomerate nodular 
fibrous masses. Large arteries sometimes 
rcA’caled degeneration of intimal elastica, 
as a reaction to encroachment by fibrous 
hilar masses. Infiltration of the Avails of 
large arteries by dust-bearing gr.anulation 
tissue Avas infrequent and penetration of 
the intimal elastica in this manner un- 
common. 

Partial or complete occlusion of the 
lumen occurred from progressiA-e intimal 
thickening or secondary to the floAv of dust- 
bearing granulation tissue into it. Some- 
times a combination of these 2 processes 
produced occlusion. In occluded vessels 
many attempts Avere marie to reestablish 
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circulation by varying si7.e<l rc-canalizing 
channels (Fig. 3). Such small channels 
often continued to function after large 
segments of the wall of the original vessel 
had been replaced by fibrous tissue. Oc- 
casionally a medium or small artery ex- 
hibited surprising resistance to encircle- 
ment or invasion by silicotic fibrous tissue 
and re’i’ealed no tendency to reduction in 
the size of its lumen. Thromi)o.sis in 
large arteries was described above. Dif- 
ferent stages of organization, the majority 
advanced, were seen but there were no 
breaks in the vascular wall with secondary 
invasion of the thrombi b3' dust-bearing 
granulation tissue. The pigment within 
thrombi gave a positive reaction for hemo- 
siderin, wJierea.s pigment within infiltrating 
granulation tissue was usuallj- negative. 

Intimal lipoid deposits were considered 
non-specific and were found as frequentl.v 
in the normal controls as in the silicotic 
lungs. Foam cells were numerous and, 
in zones of o.xtcnsive lipoidosis, the acicu- 
lar outlines of crystals were seen. H.valinc 
changes were present to some degree and 
were sometimes associated with intimal 
thickening. jMetaplasia and proliferation 
of intimal endothelium, although observed, 
were neither as frequent nor as severe as 
in the silicotic lungs. Scattered calcium 
deposits were found in the intima of a 
few large arteries. 

Media. This lajer provided a barrier 
of .smooth muscle to the centripetal move- 
ment of <lust- and pigment-bearing granu- 
lation tissue or to the progressive en- 
croachment. compression or encirclement 
Iw nodules or no<lular ma.«.'e.s. In large 


arteries clastic tissue contributed to the 
barrier and seemed to add to its effective- 
ness. Increased cellulariU' in the media 
was one of the early reactions to injury. 
The cells were chiefi\’ fibroblasts proliferat- 
ing in situ from “.slumbering” mesenchy- 
mal cells or arising from metaplasia of 
smooth muscle cells; also possibly from 
the endothelium of the va.sa vasoruin. 
With prolonged and more direct encroach- 
ment of nodules or nodular masses and as 
infiltration bj' dust- and pigment-bearing 
granulation tissue from the adventitia 
became imminent, the smooth muscle cells 
disappeared and were replaced l\v \'oung 
fibrous tissue (Fig. 4). Round ceils were 
scattered therein and h^'jieremic vasa 
r’asorum extended inward from the ad- 
ventitia. Dust- and pigment-bearing 
granulation tissue soon penetrated the 
media through single or multiple breaks 
and streamed down to or through the 
intimal elastica (Fig. 5). 

Although the large arteries sometimes 
reacted to encroachment and infiltration 
1)3' thrombosis, the3’ resisted to a l)etter 
degree, otherwise, than did medium and 
small sized arteries. Degenerative changes 
in the muscle and clastic elements, fibrosis 
and infiltration 1)3' granulation tissue were 
neither as marked nor as frequent. 

Non-specific changes found in silicotic 
and normal lungs included h3'alinc trans- 
formation. calcium deposits and mucoid 
degeneration. The latter 2 changes, wlien 
present, were obser)'ed almost c.vchisivel3' 
in large arteries. 

Adtniiiiia. Collars of cellular granula- 
tion tissue containing fiu.st and pigment 
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were frequently seen about vessels of all 
sizes in discrete nodular silicosis. Hyper- 
emia and proliferation of adventitial vasa 
often accompanied the above and some- 
times the vasa vere clustered together 
and they r6sembled hemangiomas. These 
changes were noted in small and medium 
sized arteries in proximity to the margins 
of nodules; and in large arteries adjacent 
to silicotic hilar nodes. 

In massive conglomerate nodular dis- 
ease the collars merged with dust-bearing 
granulation tissue flowing along the mar- 
gins of encroaching fibrous masses. This 
fusion ushered in the changes already 
described in the media and intima (Figs. 6 
and 7). Even after occlusion and cessation 
of function, movement of dust-bearing 
granulation tissue from adventitia inward 
continued to disrupt and obliterate the 
affected viuseular wall. 

Perivascular fibrosis was seen to a mild 
degree in many controls. Furthermore, 
some lungs presented anthracosis with 
jiiginent deposits in the perivascular and 
j)eribronehial lymphatics. 

Veins. Microscopic changes in the 
various layers were similar to those in the 
arteries (Figs. S and 9). However, the 
veins offered much Ic.-^s resistance to 
liI)rous encroachment and were occluded 
at an earlier stage of the silicosis. In 
hematoxylin and eosin-stained sections of 
massive conglomerate nodidar silicosis 
veins were afisent or <lifiicuU to find. 
They were sometimes xasible in clastic 
stained sections of similar fields f)ut dif- 
ferentiation between medium and small 
sized arteries and veins was often impos- 
sible. In fields where jirteries and veins 
cotdd be distinguishetl and compared, 
dilatation and thinning of the wall were 
more marked in the veins. Piginent-bear- 
int: phagocytes were more numerous in 
the perivascular regions and adventitial 
and medial layers of the veins than in 
nearby arteries. Occlusive and disruptive 
changes were similar, othenvise, to tho-e 
•lescrified in the arteries. 

Lyxii'iixtics. In massive conglomerate 
no<hiIar silicosis the numl>er of lymphatic 


channels was greatly reduced, due to 
destruction and obliteration. Some elas- 
tic fragments seen in Weigert’s stained 
sections undoubtedly represented lym- 
phatic remnants though they could not 
be distinguished from interstitial elements 
of disrupted pulmonary framework. In 
discrete nodular silicosis the lymphatics 
along the margin of nodules often dis- 
plaj-ed pigmented and hyperplastic endo- 
thelium. Obstructed vessels Avere dilated 
and their lumens occasionally choked with 
pigment-bearing phagocytes. Encroach- 
ment by nodules sometimes resulted in 
flattening and distortion of the lumen. 
Fibrous, hyaline and pigmentarj' ehanges 
were common in the perilymphatic regions. 
Only rare instances were available in 
which inward migration of pigment-bear- 
ing granulation tissue and occlusion Averc 
seen. "When either or both of these changes 
occurred, destruction and disappearance 
seemed to proceed rapidly and identifi- 
cation of the affected lymphatic vessel 
Avas impossible Avith routine staining 
methods. 

The normal controls showed lymi)h 
channels containing pink granular mate- 
rial and an occasional phagocyte. The 
lungs Avith some degree of anthracosis rc- 
A'ealcd pigment in lymphatic intimal en- 
dothelium and in the ad\’cntitia. INIild 
hyaline and fibrous transformation Averc 
apparent also. 

Hinall ]'a.'<cuUtr ChaiiiidK. With hema- 
toxylin and eosin stains all silicotic nodules 
or nia.sses rcAcalcd the presence of small 
thin AA'alled capillaries along their margins. 
In cross-section the smaller ones Avcrc 
about 20 to 30 microns in diameter, the 
larger 100 to 1.50 microns. The function- 
ing channels AA'ith erythrocytes in their 
lumens AA'cre oval or round and the lining 
endothelium unpigmented or slightly so. 
Tlie non-functioning channels Avere empty, 
flattened or eleft-like in configuration and 
the lining endothelium phagocytic and 
often hcaAnly pigmented. .-Vrtefacts Aviiich 
deA'cloped due to shrinkage and sepamtion 
of laminated fibers could be differentiated 
as a nilc by the absence of lining endothe- 
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Fig. 7. — Micro-incinerated specimen of same field as in Figure G. Note arrangement of inorganic 
ash in wall and compare with Figure G. X 42. 

Fig. S. — Degeneration of part of the wall of a largo vein encroached upon by a fibrous silicotic mass 
(Weigcrt’s stain), X 21. 

Fig. 9. — Constriction of a medium sized vein by pigment-bearing granulation tissue OVeigert’s 
stain). X 33. 

Fig. 10, — Dilated thin-walled capillaries in the margin of a conglomerate nodular mass (hematoxylin 
and cosin). X 111. 

Fig. 11.— Patent arteriole near the center of a tj-pieal silicotic nodule (hematoxylin and eosin). 
X 93. 
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Hum. -*Vs one moved tlie microseopie field 
from the margin of a nodule or nodular 
mass towards the center, a progressive 
decrease first in small functioning chan- 
nels and then in the non-functioning cleft- 
likc capillaries was observed. In the cen- 
ter some of the irregular, fragmented and 
pigment-bearing clefts represented dis- 
nipted vascular channels, but with heina- 
to.vvlin and cosin stains it was impossible 
to differentiate them from artefacts. Via- 
bility of the lining endothelium in the non- 
functioning cleft-likc capillaries suggested 
that, for a time at least, the cells were kept 
alive by some type of serum circulation, 
either through the lumen or by diffusion 
from without. Free pigment was often 
present in their lumens indicating nipture 
of cells containing pigment at some other 
le\'el. 

Necrotic areas in the centers of massive 
conglomerate nodular silicosis were often 
completely acellular and consisted of un- 
organized material; anthracotic pigment 
particles, calcium granules, the acicular 
outlines of crystals, and occasional poorly 
stained “ghost” cells in a crumbling, frag- 
mented and, in parts, porous stroma. Oc- 
casional strands of hyaline fibrous tissue 
supporting empty vessels projected in- 
ward; Weigert’s stain for elastic tissue 
demonstrated large numbers of obliterated 
or partly destroyed vessels from medium 
sized arteries and veins down to arterioles, 
venules and capillaries. Unidentified and 
disorganized "elastic fiber remnants were 
visible also. All changes were much more 
striking than in the hemato.xylin and eosin 
stained sections and one gained the im- 
pression of an e.vtensive “turn-over” in 
small channels. IMany were obliterated 
within nodular masses but new capillaries 
sprouted constantly along the margins in 
a futile effort to maintain circulation 
(Fig. 10). In some fields necrosis seemed 
directly related to the distance of the 
necrotic zone from functioning vascular 
channels. 

In many small typical silicotic nodules 
a functioning arteriole could be seen in 
or near the center. The enguKed vessel 


seemed to have provided a focus for the 
norliile (Fig. 11). Such a vascularized 
lesion resembled the e.xperimental silicotic 
nodule described by Gardner^ and varied 
from the typical nodule in human silico.sis. 

Rllatki) Pathologic Ciiaxge.s in tiu; 
IIkaht. The clinical course of the patients 
witli conglomerate nodular silicosis in this 
stud^’ was often aggra\'ated by progres- 
sive cardiac disabilit}’. Furthermore, dila- 
tation and hypertrophy of the right side of 
the heart and other anatomic eridcnce 
of cardiac failure were frequently encoun- 
tered at necropsy. Table 1 reveals, how- 
ever, that most patients were in their 
7th or Sth decades at the time of death. 
Thus careful c.\amination of the heart was 
essential to mic out contributing degen- 
erative diseases, particularly hypertensive 
cardiac hypertropliy and severe coronary 
arteriosclerosis with or without occlusion. 
Table 2 indicates the thickness of the right 
ventricle in the 3 groups. Of the 20 cases 
in the discrete nodular silicotic group, 10 
hearts revealed right ventricular thickness 
of 0.5 cm. or more. In the conglomerate 
nodular group slightly more than three- 
fourths, -16 out of 23, showed similar 
hj-pertrophy. TJie thickest right ventricle 
was encountered in the latter group and 
measured 1.3 cm. Of the 43 normal pul- 
monary controls 5 hearts revealed right 
ventricular hypertrophy. Ten cases in 
the discrete nodular and 4 in the con- 
glomerate nodular silicotic series, or a 
total of 14, revealed moderate or severe 
arteriosclerosis. Thirty-four cases in the 
controls showed the same change. Two 
cases in the discrete nodular and 1 in the 
conglomerate nodular series revealed car- 
diac h^’pertrophy due to systemic hj’per- 
tension. Eight cases in the controls 
showed this cardiac change. One case of 
vahmlar heart disease, aortic stenosis, 
was found in the silicotic series; 4 cases 
of vahmlar heart disease were encountered 
in the controls. 

A summary of clinical and necropsy 
endence of cardiac failure is given in 
Table 3. Sev'en patients in the discrete 
nodular group had erndence of a cardiac 
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disability which was of major importance 
as a cause of death. However, in all but 
1 case pathologic cardiac changes unre- 
lated to silicosis were found to be re- 
sponsible. Thus despite the presence of 
right ventricular hyperti’ophy to 0.5 cm. 
and more in 10 out of 20 cases of discrete 
nodular silicosis, only 1 case was found 
in which right-sided heart failure was of 
major etiologic importance in the terminal 
illness. In that case right-sided cardiac 
dilatation and failure were encountered 
secondary to massive bilateral pulmonary 
arterial thrombosis. The right ventricle 
in this instance was 0.4 cm. in thickness. 


ventricular wall was only 0.3 cm. in thick- 
ness. Thus in slightly less than half of 
the cases of massive conglomerate nodular 
silicosis (11 out of 23) right-sided heart 
failure was of major importance as a cause 
of death. 

Twelve patients in the control group 
had evidence of a major cardiac disability 
on final entry to the hospital. Coronary 
occlusion with myocardial infarction, bac- 
terial endocarditis, hj’-pertensive heart dis- 
ease with decompensation and rheumatic 
heart disease with decompensation were 
most common in the above order of fre- 
quency. In the 5 patients with right ven- 


Table 1. — Age 

No. 

cases 

Distribution 

41-50 51-60 

61-70 

71-80 

81 and 
over 

Discrete nodular silicosis 

. 20 

0 

3 

7 

7 

3 

Conglomerate nodular silicosis . 

. 23 

1 

5 

13 

4 

0 

Normal controls 

. 43 

0 

5 

15 

21 

2 


Table 2.— Cardiac Changes at Necropsy 




Thickness of right 
ventricle 


Other cardie lesions 



No. 

cases 

Normal 

0.5 cm. 
and over 

Coronary A.S. L. bypertens. 
(mod. or severe) hypertrophy 

Valvular 

h.d. 

Discrete nodular silicosis . 

20 

10 

10 

10 

2 

I 

Conglomerate nodular silicosis 

23 

7 

16 

4 

1 

0 

Normal controls . . . . 

43 

38 

5 

34 

S 

4 

Table 3.— Clinical and 

Necropsy Evidence of Cardiac Failure 


No. 

cases 

Cyanosis 

Clinical 

Peripheral 

edema 

Dyspnea 

Pulmonnrj' 

edema 

Necropsy 

Hydro thora.v 
over 200 cc. Ascites 
on either 200 co. 

side or more 

Chr, p.c. 
internal 
organs 

Discrete nodular silico- 

sis 20 

7 

5 

12 

8 

7 3 

13 

Conglomerate nodular 

silicosis .... 23 

16 

10 

17 

9 

9 6 

18 

Normal controls . . 43 

S 

9 

18 

13 

13 4 

23 


Thirteen patients in the massive con- 
glomerate nodular silicotic group had evi- 
dence of a cardiac disability of major im- 
portance. In addition to the tabulated 
evidence, electrocardiograms in these cases 
usually showed varying degrees of right 
axis deviation. The only significant path- 
ologic cardiac change in 10 cases was right 
ventricular hypertrophy with varying de- 
grees of dilatation. Cardiac changes un- 
related to silicosis were found in 2 cases. 
In the other, right-sided cardiac dilatation 
and failure were observed but the riglit 


tricular thickness of 0.5 cm. or more, sys- 
temic hypertensive heart disease with 
failure was found twice. Rheumatic mi- 
tral vahmlar heart disease with failure 
and coronary occlusion with myocardial 
infarction were encountered once each. 
Death was due to trauma (automobile 
accident) in the fifth case. 

Related Pathologic Changes in the 
Lungs. The centers of the black firm 
masses of conglomerate nodular silicosis 
often contained varying sized areas of 
necrosis. In some instances a gentle 
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strciim of water across llie freslily eiit sur- 
face was sufiicieiit to wash away neerotie 
ci(;l)ris and to outline or create a zone of 
cavitation. The typical cavities of ische- 
mic necrosis were small, narrow, multiple 
and sometimes coalescent. Less typical 
lesions were circular or irregular in con- 
tour. .All types contained scrum heavily 
colored by anthracotic pigment. .After 
this was washed away, a lining layer of 
moist gritty black semisolid matter was 
revealed. Tiic walls were black, fairly 
firm and merged imperceptibly with tlic 
adjacent fibrous tissue of the mass. The 
cavities in this series wiried from 0.2 to 
3.5 cm. in their longest axis and were 
found in 7 patients out of 23 in the con- 
glomerate nodular group. No communi- 
cation with bronchi could be demonstrated 
The reports of chest roentgenograms were 
inconclusive in most cases. Ca\dtation. 
was sometimes suspected but e\’en witli 
heavy penetration the diagnosis was in- 
definite. 

Microscopically, this lesion revealed 
walls composed of crumbling amorphous 
material supported in part by strands or 
layers of fibrous tissue. Calcium granules, 
the outlines of crystals, anthracotic pig- 
ment, free or -within degenerated phago- 
cytes, and “ghost” cells were visible. The 
fibrous strands and adjoining layers were 
mainly avascular or contained non-func- 
tioning, partly degenerated vessels. Their 
lumens were often filled with pigmented 
granulation tissue. Occasionally, in larger 
ca\dties, functioning vascular channels 
were found in some fields of the wall. 
Li\dng cells, as manifested by staining 
qualities, were visible also in such fields 
and the wall appeared more discrete and 
firm. Crystals were less numerous or 
absent. 

In 2 other patients in the conglomerate 
nodular group ca-\dties up to 3.4 cm. in 
their longest axis were observed. These 
lesions were irregular in shape and were 
lined by grayish yellow crumbling material 
superimposed on fibrous walls. Micro- 
scopically, the surface matter proved to 
be an exudate made up of fibrin, plasma 


cells, lymphocytes, inacro])hage.s, poly- 
inorjihs, seallcrcd chimps of bacteria and 
eclhilar rleiiris. The concentration of cells 
in the exudate varied in different sections. 
The adjacent fibrous walls also showed 
variability in the concentration of cellular 
infiltrate.s: .Some fields were acellular 
and relatively avascular. Others reve.aled 
infiltration to plasma cells and lympho- 
cytes among proliferating capillaries, fibro- 
blast.s and epithelioid cells. Giant cells 
were not encountered. This lesion was 
believed to be tuberculous with its morph- 
ology modified, in part by progressive 
ischemia, also possibly by other factors 
inherent in silica initiation. 

Pseudocavities were sometimes found 
in emphysematous areas. Although vas- 
cular lesions had no bearing on their 
development, brief mention will be made 
of points of differentiation from ischemic 
cavities, ^^■lle^ens ischemic cavities were 
present in or near the centers of fibrous 
masses, these lesions were located along 
the margins of the masses. Most often 
thej' were encountered between the \ds- 
ceral pleura and the mass, particularly in 
the upper lobes. The walls of the pseudo- 
cavity were sometimes fairly thick, fibrous 
and black, always thicker and firmer than 
ordinary blebs or bullte. Microscopicalh', 
the lesion exhibited a wall composed of 
pigmented, hyalinized, fibrosed and com- 
pressed parenchj'ma except in the portion 
Avhich abutted on the conglomerate nodu- 
lar mass. Vascularization was much bet- 
ter than in the wall of the tjqjical ca\dtj" 
of ischemic necrosis. The lining was 
irregular and contained edema fluid and 
occasional polymorphs. The development 
of pseudocavities was believed related to 
contraction of the silicotic fibrous mass 
with disruption of marginal alveoli. Hy- 
perinflation secondary to bronchial and 
bronchiolar changes was also considered 
important. 

The role of vascular changes in stimu- 
lating pulmonary fibrosis was difficult to 
evaluate because many other factors were 
important also. Infarction was not ob- 
served. Coalescence of typical nodules 
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to form the large masses of advanced sili- 
cosis was brought about in a background 
of subacute or chronic inflammation. The 
changes important in coalescence were: 
gradual increase in size of the nodules, 
proliferation of hyperemic, highly cellular 
granulation tissue along nodule margins 
and pathologic alteration in the interven- 
ing pulmonary parenchyma. Among the 
factors which were involved in effecting 
the latter change were atelectasis, in turn 
the result of bronchiolar compression and 
obliteration; and contraction of silicotic 
nodules with stretching, twisting and dis- 
ruption of adjoining alveolar walls. Vas- 
cular congestion was apparent in the 
alveolar walls and edema fluid, “heart 
failure” phagocytes and, less often, fibrin 
deposits were visible within the alveolar 
lumens. Lymph stasis was indicated by 
the presence of degenerating, dust-bearing 
phagocytes, closely packed uithin distend- 
ed alveoli. Plasma cells and lymphocytes 
were numerous in both the proliferating 
hyperemic granulation tissue and in the in- 
tervening pulmonary parenchyma. Poly- 
morphs were present in occasional foci 
but were not as concentrated as i:he round 
ceils. Although vascular obliteration and 
destruction were often marked in the mar- 
gins of this pulmonary “battleground,” 
the effect of the reduced blood supply in 
preparing the intervening pulmonary par- 
enchyma for fibrous conversion could only 
be surmised. 

Comment, Observations in this study 
indicated wide indi\ddual variability in 
vascular resistance to the infiltrative, dis- 
ruptive and obliterative effects of silicosis. 
Many vessels revealed unobstructed lu- 
mens though completely surrounded by 
silicotic fibrous tissue. Others remained 
patent despite partial or complete replace- 
ment of the wall by invading granulation 
tissue. However, this does not deny that 
functional disturbance resulted in the cir- 
culation through such vessels due to inter- 
ference with distensibility. 

Although massive conglomerate nodu- 
lar silicosis often shortened life, it is 
interesting to note that of the 23 cases in 


that group, 13 patients were in their 7th 
decade of life and 4 in the 8th decade at 
the time of death (Table 1). It should 
be reemphasized, however, that tubercu- 
losis was largely excluded in this study. 

Occlusion, disruption and obliteration, 
as described in the text, were observed 
frequently in massive conglomerate nodu- 
lar silicosis. The outstanding processes 
which operated tb bring this about were: 
encroachment by expanding nodules and 
infiltration by dust-bearing granulation 
tissue. Vascular lesions appeared to 
evolve rapidly and extensively in massive 
conglomerate nodular disease with but 
little preliminary changes in the discrete 
stage. Small vessels and capillaries mainly 
were involved in discrete nodular silicosis 
and the changes appeared self-limited with 
little tendency to extent beyond the 
nodule. 

Intravascular pressure changes were 
believed to be important factors also in 
pathogenesis. Gerstl® regarded the chang- 
ing pressure during normal pulsation as 
significant in injuring vessels surrounded 
or fixed at various points by fibrous mass- 
es. If this view is correct, then traumatic 
effects should be more severe under the 
influence of increased pulmonary intra- 
arterial pressure. This often occurs in 
massive conglomerate nodular silicosis due 
to elimination of large portions of the 
pulmonary vascular bed and interference 
Avith distensibility of the remaining chan- 
nels. Recently Cournand, Bloomfield, 
Lauson'and co-Avorkers reported a method 
for recording the pressure in the right 
auricle and ventricle in man by venous 
catheterization. Although their series* 
contained only 3 cases of silicosis, they 
Avere able to detect the existence of pul- 
monary arterial hypertension in 2. In 
his comprehensive reAnew on the genesis 
of arteriosclerosis Hueper" called attention 
to the resultant anoxemia of the Avascular 
Avail when increased intravascular hydro- 
static pressure compressed the vasa A^aso- 
nim. Anoxemia due to interference AA’ith 
A’asal circulation AA-as believed to result 
also from the marked periA'ascular fibrous 
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cliangcs in massive congloinerato nodular 
silicosis. Adventitial vasal liypcrcmin and 
prolifcnition as described in tliLs study 
probably represented a reaction to inter- 
ference witli vasal circulation and an at- 
tempt to estal)!isli collateral channels. 

Ei'aliiation of the degree of ripbt-.sided 
cardiac dilatation was liampcrod by the 
lack of a suitable standard for ^iiuhincc 
and comparison. Furthermore, in hearts 
until marked dilatation, right-sided liyper- 
trophy was sometimes obscured because 
the wall was thinned. In such cases thick- 
ened columnre cameai, enlarged pectinate 
and papillary muscles and deep interven- 
ing recesses were suggesti^’e of hyper- 
trophy, but the ventricular thickness by 
routine measurement was normal. In 2 
patients with right-sided cardiac failure 
the right ventricular thickness was only 
0.4 cm. or less. More exact methods of 
measurement are available but are not 
used in routine necropsy work because 
they are too time-consuming. For ex- 
ample, dissection of the right and left 
ventricular walls and independent weigh- 
ing for comparison are far more accurate 
than measurement of thickness only, at 
one or possibly two points. In a considera- 
tion of right and left I'entricular size which 
was independent of the main report’” on 
postmortem coronary arterial injection 
and Roentgen ray, Ra\an and I contem- 
plated the possibilit 3 ^ of cutting out right 
and left ventricular areas from a paper 
copy of the roentgenogram. Further 
studies on a series of 166 hearts will be 
the basis for a future report on relative 
right and left ventricular size. The total 
number of cases of right ventricular hj^ier- 
trophj' in this series was 26 out of 43 cases 
(60%). This conforms with the results 
of Coggin, Griggs and Stilson” who found 
an incidence of 58 % in a series of 102 cases. 

In an experimental study, Visscher’* 
found that acute elevation of right atrial 
or ventricular pressure in the isolated dog 
heart .was followed by ventricular fibrilla- 
tion and failure. Elevation of pressure 
on the left side was comparativelj’’ well 
tolerated. He explained the deleterious 


eircci.s on (he ba.sis of dccrca.se in the cor- 
onar.v vascular pre.ssurc gradient: The 
coronary' venous sinus empties info (he 
right auricle. Furthermore, the right cir- 
cumflex artcr\' which applies most of the 
right ventricle drains almost exchisivel.v, 
02% on the average, into the right side 
of the heart through the right thebesian 
system; whereas the left cardiac thebesian 
flow is much less: about 1%. Increased 
pulmonarj' arterial pressure and increased 
right ventricular work arc reflected in the 
In’gl) incidence of right r’cntricular hj’per- 
troplLV in this series of silicotic patients. 
The increase in pulmonayv arterial pres- 
sure is probably- slowly- progressive over 
mnn\' j’cars and dilTcrs in this respect 
from the acute studies described above.’” 
The heart is able to compensate bj' h^’per- 
troph^' and increased work for some time. 
However, in massive conglomerate nodu- 
lar disease right-sided cardiac failure fre- 
quentlj" supervenes. It was regarded as 
of major importance as a cause of death 
in 11 out of 23 patients in that group. 

Man.v complex factors operated to bring 
about central necrosis in discrete or mas- 
sive conglomerate nodular silicosis. In 
discrete nodular disease the death of cells 
appeared to be related to the age of the 
lesion, prolonged intimate contact with 
free silica, proliferation of fibroblasts, pro- 
gressive deposition of collagenous fibers 
and disruption of nourishing capillaries. 
Some of these factors were interrelated: 
thus the older the lesion, the longer the 
exposure of trapped cells to silica dust. 
Necrosis of capillar^" endothelium and 
capillary disruption probablj’^ resulted also 
from the direct toxic action of silica. In 
older silicotic nodules compression and 
obliteration of small vascular channels 
occurred due to contraction of the basket- 
weave arranged fibers. Despite varjnng 
degrees of central necrosis, discrete nodu- 
lar silicosis in many cases in this series 
seemed self-limited or healed. The clini- 
cal history in some patients indicated 
exposure for relatively short periods man.v 
\’ears previously'. Captation w’as not 
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observed in the discrete nodular form of 
the disease. 

Obliteration and disruption of many 
large and medium sized vessels introduced 
the factor of ischemia on a more important 
scale in massive conglomerate nodular 
silicosis. Furthermore, the effects of some 
of the other mentioned factors were multi- 
plied. It must be emphasized again that 
in this series tuberculosis was largely 
eliminated and its role in inducing necrotic 
changes Avill be mentioned only. 

Gardner^ described cavities of anemic 
necrosis as small and slit-like within 
fibrous masses and such small lesions are 
probably the best examples. However, 
larger cavities have been recognized in 
recent years. Vorwald^^ described a few 
which involved a large portion of a lobe. 
McCloskey® reported large cavities on this 
basis with lesions measuring 5 and 7 cm. 
in diameter in the upper lobes. In this 
series the cavities of ischemic necrosis 
varied from 0.2 to 3.5 cm. in their longest 
axis; they were found in 7 patients out of 
the 23 in the massive conglomerate nodu- 
lar group. 

Summary. 1. The pulmonary vascular 
lesions and related pathologic changes 
were studied in 43 cases of silicosis. Cases 
with complicating pulmonary tuberculosis 
were largely excluded. A similar series of 
43 non-silicotic patients in the same age 
group was used as controls. 

2. Two morphologic processes seemed to 
evoke vascular changes: direct encroach- 
ment on the vascular wall by nodules or 
nodular masses and infiltration of the vas- 
cular wall by dust- and pigment-bearing 
granulation tissue. 

3. In discrete nodular silicosis the vas- 
cular lesions were not striking, as a rule, 
and were found only in small arteries, 
small veins, arterioles, venules and capil- 
laries. In massive conglomerate nodular 
silicosis the vascular lesions were severe, 
were found in vessels of all sizes and were 
demonstrable be.st in sections stained for 
elastic fibers. 

4. Fibroblastic proliferation was an 
early reaction in all layers of the arterial 
wall; later, proliferation of vasal and 


capillary channels and degeneration of 
muscle and elastic tissue occurred. Oc- 
clusion and disruption of the vascular %vall 
by infiltrating granulation tissue which 
streamed through all the layers were end- 
results. Thrombosis of large arteries was 
observed in 2 cases of discrete nodular 
and in 7 cases of massive conglomerate 
nodular silicosis. 

5. The veins revealed similar occlusive 
and disruptive changes but appeared to 
offer less resistance than the arteries. 
Lymphatic vessels often showed disten- 
tion, stasis and endothelial pigmentation. 
In massive conglomerate nodular silicosis 
veins and lymphatics were often destroyed 
without trace. 

6. Related pathologic changes in the 
heart included right ventricular hyper- 
trophy to a thickness of 0.5 cm. or more 
at necropsy in 10 out of 20 cases in the 
discrete nodular group and 16 out of 23 
cases in the massive conglomerate nodular 
group. Although 7 patients in the discrete 
nodular group had clinical and necropsy 
evidence of a cardiac disability which was 
of major importance as a cause of death, 
only 1 instance was found in which the 
right-sided cardiac changes alone were 
responsible. .Thirteen of 23 patients in 
the massive conglomerate nodular group 
had clinical and necropsy evidence of a 
major cardiac disability. In 10 hearts of 
this group right ventricular hypertrophy 
and varying degrees of dilatation were the 
only significant changes. One case showed 
right-sided cardiac dilatation without in- 
creased thickness. Right-sided cardiac 
failure was considered to be the cause of 
death in 11 out of 23 cases in the massive 
conglomerate nodular group. 

7. Related pathologic changes in the 
pulmonary parenchyma (namely, fibrosis, 
ischemic necrosis and ischemic cavitation) 
were described. Ischemic cavitation was 
found in the fibrous masses of 7 patients in 
the conglomerate nodular group. Pseudo- 
cavitation due to emphysema was some- 
times encountered. 

S. The role of pulmonary intravascular 
pressure changes in producing vascular 
injury was discussed. 
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The therapeutic use of autihistamiuic 
substances has been based upon their 
effectiveness in preventing conditions (his- 
tamine shock, anaphylactic shock, peptone 
shock) which do not resemble allergic 
manifestations.'*'®'®'® Recently, an ana- 
phylactoid reaction resembling angioneu- 
rotic edema has been described in the rat.'^ 
This experimental reaction induced by 
egg white furnishes a close parallel to 
certain human allergies and offers an op- 
portunity to transpose into human path- 
ology the therapeutic measures used in 
the treatment of this experimental condi- 
tion. The present investigation has been 
conducted to determine the effect of 
various antihistaminic substances on the 
edema produced by egg white in the rat. 

Matekial and Methods. Male albino 
rats (130) of 80 to 100 gm. in weight were 
divided into 13 groups of 10 animals each. 
Animals of Groups I to IV received 10, 7, 
4 and 2 mg., respectively, of 2-(N-phenyl- 
N - benzyl - aminomethyl) - imidazolin or 
“Antistine”; those of Groups V to VIII 
received 10, 7, 4 and 2 mg., respectively, 
of jS - dimethyl - amino - ethyl - benzhydryl 
ether or “Benadryl”, and those of Group 
IX to XII, 10, 7, 4 and 2 mg., respectively, 
of N - p - raetho.xylbenzyl - N - dimethyi- 
aminoethyl - a - aminopj'ridine or “Neo- 
antergan”. These substances, in water sol- 
ution, ■R'ere injected subcutaneously; each 
dose was contained in 0.4 cc. of liquid. 
Animals of Group XIII were kept as con- 
trols. Half an hour after the administra- 
tion of the antihistaminic compounds, all 
the rats received 1 intraperitoneal injec- 
tion of a solution of powdered egg white 
equivalent to 0.15 cc. of fresh material. 


This powder came from the same batch 
of lyophilized fresh egg white. Two hours 
later, the animals were examined for signs 
of edema on the face and paws; the degree 
of the edema was recorded according to a 
scale of 0 to -j-d — h- The results are 
summarized in Table 1, where the inci- 
dence and the severity of edema are ex- 
pressed as a per cent of the maximum 
possible. 

The data reveal that the threshold of 
activity of “Antistine”, “Benadryl” and 
“N^o-antergan” is approximately 10, 4 
and 4 mg., respectively. All the animals 
injected with 10 mg., and part of those 
injected with 7 mg., of “Benadryl” and 
“ Neo-antergan ” presented signs of hyper- 
excitability (violent excitement, convul- 
sions, ataxia), followed by a secondary 
depression. Respiratory failure and death 
occurred in some animals receiving the 
larger doses. These signs contrast with 
those found in man which consist of seda- 
tion, drowsiness, muscular aching, pelvic 
heaviness and mild nausea.®'*®;*® A few 
days after the injections, we observed in 
some animals, especially in those on high 
dose levels, ulcerations in the area of 
injections subsequent to local necrosis. 
This confirms previous observations made 
by Mayer ct aL,*° who attributed the effect 
to the local anesthetic properties of the 
antihistaminic substances. 

Although it has already been demon- 
strated that antiliistaminic substances 
have a very short duration of action, we 
investigated the possible effect of “ Bena- 
dryl” on subsequent injections of egg 
white. Rats, which received a dose of 

Benadryl” sufficient to inhibit the edema 
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reaction, were given, as well as controls, 
the following clay the same dose of egg 
white. All the animals reacted the sainc 
M-ay: incidence of 100% for both groups 
and intensity of b3% for the " Benadryl 
treated rats and 50% for tiic controls. 
“ Benadryl ” has therefore no cfiect on the 
sensitivity of egg white injected in subse- 
quent days. 


The only reference found regarding “ Anti- 
stine” indicates only that it prevents 
anaphylactic shock in rabbit.” In the 
test based on the protection from lethal 
intra^'cnons dosc.s of histamine, “Nco- 
antergan ” is approximately 25 times more 
active than "Ilenadryl”.'' Preliminary 
studies^ indicate on the other hand that 
the difference in the antianaphylactic 


Table 1. — Effect of Vabiol’s A^•TllU.■iTAMI^•IC Seb.staatck.s o.v the Edema Caused by 

Ego 'VVhjte i.v rJrt: Rat 


Group 

Compound 

Doses in 

ms. Rc5pon5<i* 

Incidence % 

Intensity % 

I 

Antistine 

10 

0(9). +- + + (11 

10 

3 

11 

it 

7 

0(0). +(3). + - + + (]) 

40 

15 

III 

tt 

4 

0(5), +(2),+ - + + (3) 

50 

22 

IV 

ti 

2 

0(3),0- + (l),+(2). + - + + a). 

+ + - + + + (1). + + + (1) 

70 

3S 

V 

Benado’l 

10 

0(10) 

0 

0 

VI 

H 

7 

0(10) 

0 

0 

VII 

It 

4 

0(S). +(I). +- + + (1) 

20 

S 

ATII 

it 

2 

0(4), 0- + (3).+(i). +- + + (]), + + (1) 

60 

20 

IX 

N6o-an tergan 

10 

0(10) 

0 

0 

X 

tt 

7 

0(10) 

0 

0 

XI 

ft 

4 

0(S). +(1), + + (1) 

20 

10 

XII 

tt 

2 

0(3),0- + (l),+(l),+- + + (2). + + (2) 

70 

33 

XIII 



0(2),0- + (4). +(1). + - + + (1). + + (2) 

SO 

25 


* Edema of face and paws recorded according to a scale of 0 to + + + . 
The number of animals gic-ing the same response is indicated in brackets. 


In connection wth this stud^', it was of 
interest to ascertain whether “Neo-anter- 
gan” was detoxified by the liver or elimi- 
nated through the kidney'. For this pur- 
pose, partially hepatectomized rats and 
completely nephrectomized rats were in- 
jected with a dose (4 mg.) of “Neo- 
antergan” just insufficient to produce 
toxic sj'mptoms. If one of the above-men- 
tioned organs played a role, there would 
be accumulation of antihistaminic sub- 
stances in the organism to the point where 
the animals would present signs of excita- 
bility and convulsions. This e.xperiraent 
showed that the partially hepatectomized 
and the complete^' nephrectomized rats 
behaved like normal animals receirdng the 
same dose of “Neo-antergan.” It can be 
assumed that it is detoxified at its points 
of attack, that is, in all the tissues. 

Discussion. Lack of information pre- 
vents us from comparing accurately the 
ratio of potency of the 3 antihistaminic 
drugs as measured in the egg white edema 
test with that obtained 'udth other tests. 


activity of the 2 compounds is not as great 
as that shovsTi against histamine shock. 
This observation is in agreement urth the 
results obtained by our method, since 
“Benadryl” and “Neo-antergan” are 
equally potent in pre^-enting the formation 
of edema. 

Although the present investigations 
tend to demonstrate that histamine is 
responsible for the formation of egg white 
edema, it must be pointed out that the rat 
is very resistant to histamine and to ana- 
phylactic shock; the lethal dose of hista- 
mine is about 500 mg. per kg. and ana- 
phylactic shock is rarely fatal under the 
best e.xperimental conditions.® This would 
indicate that there is no necessary correla- 
tion between general and local sensitivty. 
Another example is found in the mouse 
which is highly resistant to histamine, but 
w'hich can develop severe anaphylactic 
shock. In this connection, it is interesting 
to note that Mayer and Brousseau” found 
that, although antihistaminic substances 
are effective in anaphylactic shock in mice. 
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they are not antagonists, but synergists 
of histamine. Similar experiments which 
we performed with “Neo-antergan” show- 
ed that in the rat, on the other hand, 
this compound at the dose of 70 mg. per 
kg. alleviated symptoms elicited by intra- 
venous or intraperitoneal injections of 
250 mg. per kg. of histamine and pre- 
vented formation of appendicitis, as de- 
scribed by Selj'^e.^^ Without contesting 
the fact that antihistaminic substances 
may, under certain conditions, possess 
opposite pharmacologic activities, it. must 
be kept in mind that antihistaminic drugs 
and histamine at high dose level are toxic, 
so that the increased death rate of the 
animals could be the result of summated 
toxicities. 

It is interesting to note that the anti- 
histaminic drugs are especially effective 
in relieving the symptoms of angioneu- 
rotic edema, a condition which resembles 


the experimentally produced egg white 
edema.^'2'®’^2.i4 have no direct proof 
that histamine-release plays a role in the 
egg white edema. However, since the 
antihistaminic drugs inhibit this response, 
the possibility has to be considered. In 
any event, the test for the ability of anti- 
histaminic drugs to inhibit the egg white 
reaction would appear useful as an addi- 
tional index for their effectiveness in 
counteracting the angioneurotic edema, 
whatever their pathogenesis may be. 

Summary. The edema produced in the 
rat by intraperitoneal injection of egg 
white can be inhibited by antihistaminic 
drugs. Although there is no direct proof 
that this edema is due to a local release 
of histamine, it appears that the test for 
the ability of antihistaminic drugs to 
inliibit the egg white reaction would be 
useful as an additional index for their 
effectiveness against similar conditions. 


The expenses of this investigation were defrayed by the Sugar Research Foundation, Inc., through 
a grant administered by Dr. H. Selye. The antihistaminic drugs were generously supplied, by Ciba 
Company, Limited, Montreal (Antistine), Parke, Davis and Company, Detroit (Benadryl) and Poulenc 
Frferes du Canada, Montr6al (N6o-antergan). 
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To our knowledge, tliere has been no 
published evidence that the pubic louse 
may produce febrile reactions caused by 
toxins introduced by its bite. As pointed 
out by Jamieson,® the peculiar pigmenta- 
tion described as raaculie ceruIetE has been 
associated with pubic lice since the year 
1868 when the relationship was discovered 
by Falot and Moursou. Jamieson also 
came to consider these lesions pathog- 
nomonic of Phthiriasis pubis and cited 3 
cases of maculte cerulem associated with 
different febrile diseases. He clearly indi- 
cated the confusion which might result 
from such coincidences. These lesions, 
associated with the local annoyance at- 
tending such infestations, particularly in 
individuals having thin, light colored 
skin, occur as pea- to dime-sized grayish 
blue stains over the chest, abdomen, thighs 
and upper arms. They do not fade on 
pressure and are believed to be due to 
some reaction of the host to the parasite. 
Duguet,^ by his studies in 1880, including 
inoculation with the juice of crushed 
pediculi, believed that he demonstrated 
that the lesions arise from the subcutaneous 
deposition of pigment occurring in the 
body of the parasite. Inoculation of 
heated extracts of the lice produce no 
reaction.® Montgomery® believes that 
these lesions are the direct result of the 
action of the saliva of the pediculi on the 
hemoglobin of the host turning it green. 
This occurs in the small hemorrhages situ- 
ated in the skin and appears as bluish 
pigmentations shining through the horny 
layer. Histologic studies have shown no 
cause for the pigmentation. Moore'* re- 


ported a febrile illness accompanied by 
chills, a rash and symptoms very similar 
to “grip” occurring in himself and as- 
sociate while allowing 700 to 800 "clothes 
lice" (Pcdicuhis corporis) to feed on their 
arms. He suggested that these constitu- 
tional symptoms were due to a toxin, or 
toxins, introduced by the bite of the body 
louse. 

The difficulty in differential diagnosis 
on the admission of patients presenting 
such an association of symptoms and signs 
can be readily appreciated when one con- 
siders the gamut of diseases to be elimi- 
nated in the etiology of fevers of undeter- 
mined origin. Recently we were con- 
fronted with 2 such patients occasioning 
sufficient difficulty in diagnosis and specu- 
lation in etiology to warrant reporting. 

Case Reports. Case 1. C. R., a 20 year 
old white single male, entered the hospital 
July 17, 1946, 18 da 3 's after discharge from 
the U. S. Armj", complaining of pain in the 
right chest of 4 daj^s duration. The patient 
had been in excellent health until Jul}’- 12, 
when he noted a purulent urethral discharge 
and dysuria, coming on 2 days after sexual 
exposure. The following day, a private 
phj'sician made a diagnosis of gonorrhea 
without a smear of the discharge and over 
a 3 day period gave the patient 160,000 units 
of penicillin. This was followed bj^ the 
disappearance of the urethral discharge and 
d3'suri3 on the 2nd day of therapy. The 
chest pain, beginning suddenl}'^ during the 
day of July 13, involved the entire right 
anterior hemithorax, radiating to the right 
shoulder, and was t 3 "picallj' pleuritic in 
nature. On July 14, the patient experienced 
a true rigor followed b 3 ’’ a subjective sensa- 
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tion of fever, sweating and right fronto- 
parietal headache, the latter persisting until 
admission to the hospital. Within 24 hours 
general malaise became prominent. Nausea 
and vomiting of greenish fluid occurred 
twice. For 4 days prior to admission, ano- 
rexia Avas eAudent and mild non-productive 
cough was present. With the persistence 
of these symptoms he was sent to the hospi- 
tal by his prNate physician with a tentative 
diagnosis of “rheumatism” and venereal 
disease. His past history Avas non-contribu- 
tory and there Avas no history of previous 
parasitic infestations. 

The patient was a Avell-developed, well- 
nourished, decidedly blond youth AA'ho ap- 
peared to be moderately but acutely ill. His 
skin Avas of normal texture, flushed, moist 
and was covered with a vast number of 
adherent, yelloAvish or grayish specks Avhich 
on microscopic examination proved to be 
Pediculosis pubis. There AA^ere numerous 
pea- to dime-sized, grayish macules Avith a 
steel-gray tint, distributed over the chest, 
abdomen, buttocks, thighs and upper arms. 
These lesions did not disappear on pressure. 
Many nits Avere demonstrable on the pubic 
hairs about | inch above the skin and rust- 
colored or reddish specks of excrement 
could be seen. There Avas considerable 
excoriation of the skin from scratching. His 
eyes, ears, nose, mouth and pharynx re- 
vealed no abnormality. Heavy percussion 
over the right anterior rib cage and the 
right upper quadrant of the abdomen pro- 
duced local discomfort. The lungs AA^ere 
clear to percussion and auscultation; no 
friction sound Avas heard at an 3 '' time. A 
short, soft, Grade I, apical systolic murmur 
AA’-as the only abnormality found on examin- 
tion of the heart. The remainder of the 
examination shoAA'ed no abnormality. 

The temperature was 101° F. and the 
pulse Avas 80 per minute on admission, the 
former rising to 103° F. that CA^ening. It 
then subsided in an irregular steplike descent 
to normal on the 7th hospital day. The pulse 
exhibited a relatiA’e bradycardia through 
most of the febrile period. The white blood 
cell count on admission Avas 12,700, of which 
77% AA-ere potymorphonuclears, 21% tym- 
phocytes, 1 % eosinophils and 1 % monocjdes. 
The red blood cell count and hemoglobin 
determination AA-ere aa'cII within normal lunits. 
On 2 occasions the urine reA'ealed onh" an 
occasional pus cell. The white blood cel! 


count progressed as folloAvs : July 18, 17,250 ; 
July 19, 16,000, AAuth the differential essen- 
tially unchanged; Juty 20, 10,900 with 70% 
polymorphonuclear cells, 16% l 3 Tnphocytes, 
9% monocytes, 4% eosinophils and 1% 
basophils. 

On July 17, blood culture Avas negative 
and blood urea niti'ogen Avas 16 mg. per 
100 cc. On admission the chest Roentgen 
ray revealed clear lung fields as did a repeat 
examination on July 19. The Widal reaction 
was positive at a dilution of 1 to 320 and 
B. paralyphosus B Avas agglutinated up to 
1 to 160. (The patient had received typhoid- 
paratyphoid vaccine in the army, the last 
immunization Avas in August 1945.) Agglu- 
tination of the patient’s serum against B. 
paralyphosus A, Salmonella group and Bru- 
cella abortus was negative. The heterophil 
agglutination reaction Avas reported positive 
only through a dilution of 1 to 16. The 
Weil-Felix reaction Avas negative on July 23. 
Repeated blood cultures Avere negative. Spu- 
tum culture yielded no pneumococci. The 
blood icterus index Avas 5 and the cephalin 
flocculation test was 1-j- in 48 hours. Blood 
Kahn was negative on July 17, on July 22 
and again on August 8. 

The patient received no specific therapy 
except general hygienic measures and the 
application of 10% thymol in olive oil for 
the pediculosis. On the 6th hospital da 3 '- 
he was as 3 Tnptomatic and was discharged on 
the 9th hospital da 3 ^ The lice could no 
longer be seen; although somewhat faded, 
the maculre AA'ere still recognizable. 

Case 2. R. N., a 15 year old AAdiite male 
farm-hand from a neaby rural village, was 
sent by his local physician to the contagious 
dhdsion of the Cincinnati General Hospital 
on July 27, 1946, with a tentative diagnosis 
of poliom 3 mntis. 

The patient related a history of excellent 
health until 3 days prior to ad^ssion, AA'hen 
he aAA'oke with aching, stiffness and weakness 
of both lower e.xtremities. In the next 
24 hours, lassitude, anorexia, chilly sensa- 
tions and subjecth-e sensations of feA’^er 
became prominent in the order named. On 
his initial A-isit to his famity ph 3 'siciaD, 
J uty 25, the temperature Avas 102.6 °. He was 
giA-en undetermined oral medication AA-ith- 
out alleAuation of s 3 -mptoms. Intermittent, 
throbbing, frontal headache and an occasional 
mild hacking cough were admitted on ques- 
tioning. Except for seA’eral loose stools 
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following an enema the claj' before hospifali- 
zation, the patient had been constipated since 
the onset of his illness. 

On the farm, horses furnished his onlj’ 
direct animal contact. For 12 days prior 
to admission, he had been swinuning in a 
local creek. His drinking water was derived 
from a well on the farm. Appro-vimatelj” 

1 week prior to admission, he had picked 

2 non-engorged, apparently unattached ticks 
off of his head. As far as could be ascer- 
tained, there had been no other cutaneous 
parasitism prior to his present infestation 
with lice. 

His past history was non-contributorj' 
except for an acute inflammatorj' process in 
the right.knee at the age of 9 years. 

The patient was a well-developed, well- 
nourished lad appearing mildlj' but acutely 
ill. On admission his temperature was 
102.8° F., pulse 76 per minute and respira- 
tions normal. The face was flushed. He was 
blond and had a thin, light colored skin. 
In the hair of the pubis, axillas, abdomen and 
extremities numerous nits and a vast num- 
ber of lice were seen. Over the chest, abdo- 
men, buttocks, thighs and arms numerous 
typical maculce ceruleoe were found. The 
bulbar and palpebral conjunctiva were 
moderately injected. The upper pole of the 
left tonsil shou'ed a mild vascular injection. 
The tonsillar nodes were enlarged and the 
posterior cerwcal chain of t}Tnph nodes was 
palpable bilaterally, the left being larger 
than the right and was slightly tender. 
There were small, palpable right ax'illarj’^ 
nodes and barelj'^ pa’pable inguinal nodes. 
The e.xamination of the heart was marked bj' 
a blowing. Grade III, systolic murmur, most 
intense at the base and less so at the apex, 
transmitted as far as the mid-a.\illa. Ten- 
derness was elicited on compression of the 
left trapezius muscle. Spinal fluid e.xamina- 
tion in the recehing ward of the contagious 
disease section revealed no abnormality. 

On admission to the medical service, the 
red blood cell count was 4,800,000 per c.mm.; 
the hemoglobin was 14.5 gm. per 100 cc. 
The leukocytes numbered 8400, with 74% 
polymorphonuclears, 25% lymphocytes and 
1% monocytes. On July 31, the leukoc3'te 
count was 9200, and on August 2, the leu- 
kocytes nmnbered 8600, with 58% poly- 
morphonuclears, 34% l}Tnphocytes, 3% 
monocjies, 4% eosinophils and 1% baso- 
phils. No abnormal cells were observed. 


Urinalj’sis was negative except for appro.xi- 
matelj' 1 granular cast per high power field. 
The spinal fluid c.xhibifed no abnormalities. 
On Jul}'- 27, blood culture and blood Kahn 
were negative. Serum agglutination for 
Bacillus typhosus and Brucella abortus was 
negative on Julj' 27 and August 5. Agglu- 
tination against the heterophil antigen was 
negative on Julj' 31 and August 5. No 
pathogens were cultured from the stool on 
3 successive days. The cephalin flocculation 
test was negative in 24 hours, 1+ in 48 
hours. On August 5, blood specimens were 
sent to the National Institute of Health, 
Bethesda, Md., and complement fi.xation 
tests for endemic typhus and Rocky Moun- 
tain spotted fever and agglutination tests 
of the patient’s serum against B. proteus 
OX-19 were reported as negative. 

Microscopic e.xamination of several of the 
parasites showed them to be 0.5 to 0.1 mm. 
in length, with their breadth almost equal 
to their length. The thorax and abdomen 
w’ere not divided and the heads of these lice 
were seated squarety on the bod 3 \ Eight 
teat-shaped feet terminating in pointed claws 
were attached to the margin of the abdomen. 
These parasites were of grayish yellow color 
and were more or less translucent. 

On July 28, biopsy of one of the pigmented 
skin lesions was taken. Microscopic sections 
were reported as follows: “Microscopic ex- 
amination shows an essentially normal epi- 
dermis and corium. An occasional cell 
(chromatophore) laden with brown pigment 
granules is present in the papillary corium. 
There are no erndences of inflammation.’’ 

On the basis of these findings, a diagnosis 
of Phlhiriasis pubis was made. The patient 
was treated with general hygienic measures 
and Cuprex (Merck), a copper salt in an or- 
ganic solvent, was applied dail 3 ' to all hair 3 ' 
portions of the body. The temperature sub- 
sided and was normal in 24 hours. The 
patient was free from 53Tnptoms of disease. 
At the end of the 2nd hospital da 3 ’^, however, 
the temperature began to rise and reached a 
maximum of 101° F. During the course of 
ree.xamination of the patient at this time, 
a large number of pediculi were found cover- 
ing the liunbar back and buttocks. These 
had escaped detection and treatment. The 
parasites in these areas were promptty 
eliminated. On the evening of the 3rd hospi- 
tal da 3 ’^ the temperature returned to normal 
where it remained throughout his hospital 
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stay. All lice and nits had disappeared by 
the time of his discharge, free from symp- 
toms of disease, on the 10th day. The 
maculse cerulese had faded by the 7th day. 

Summary. 1. Two cases are reported 
showing moderately severe constitutional 
reactions and macula; cerulete accompany- 
ing massive infestation with pubic lice. 

2. Both cases were hospitalized with 


tentative diagnosis of more serious import 
and presenting all the problems in differ- 
entiation of fever of obscure origin. 

3. Rapid and complete recovery fol- 
lowed eradication of the parasites. 

4. The possibility of an acute febrile ill- 
ness resulting from toxins introduced by 
the bite of pubic lice, as suggested by 
these 2 cases, deserves consideration. 
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In an attempt to clarify the relation 
between hypertension and arteriolar sclero- 
sis, many investigators have studied the 
state of the arterioles in the organs and 
tissues of hypertensive patients. Most of 
these studies have been devoted to the 
qualitative aspects of the histologic 
changes in the arterioles, but this review 
will deal mainly with the results of the 
^elati^'ely small number of investigations 
in which the arteriolosclerotic process has 
been studied by more or less quantitative 
methods. The histologic grading of de- 
grees of severity of a complex process sucli 
as arteriolosclerosis must obviouslj’^ depend 
on the use of arbitrary criteria, therefore 
the data obtained by this method of study 
are onij" semi-quantitative, although the 
results are of definite comparative value 
as long as the criteria are clearly stated 
and uniformly applied to any one investi- 
gation. ' 

Methods of Study. Several authors 
have tried to compensate for the subjective 
element in the grading of arteriolar sclero- 
sis b5'’ measuring the dimensions of repre- 
sentative samples of the arterioles in 


various organs and tissues, tlie most 
widely used method being that of 
Kernohan, Anderson and Keith.-“ In this 
technique, 2 measurements of the diameter 
of the lumen (L) and 4 measurements of 
the width of the arteriolar wall 0^0 are 
made on 5 to 10 arterioles in tissue sections 
prepared and stained bj' standard meth- 
ods. Unfortunately, Kernohan, Ander- 
son and Keith reported their measure- 
ments in terms of the “lumen/wall ratio” 
(L/W); therefore, their published results, 
and those of other authors who have 
adopted their technique, do not usuallj^ 
give any direct information on the average 
size of the lumen of the arterioles, since 
low values of hfW may be due to an in- 
crease in the value of W with or without a 
simultaneous decrease in the value of L. 

In evaluating the significance of such 
measurements, allowance must be made 
for variations in arteriolar dimensions 
caused by postmortem contraction of the 
vessels and by slirinkage of tissue during 
fixation. For example, MacWilliam and 
Mackie"' found that these sources of error 
maj" cause variations of 25 to 100 % in the 
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Avidth of the lumen and as much as 30 % 
in the thickness of the media of arteries, 
while Andrus^ and Lisa, Eckstein and 
Solomon^^ came to the conclusion that the 
discrepancies are so large and unpredict- 
able that measurements on fixed material 
are practically valueless. Moritz and Oldt,*® 
working with the arterioles of skeletal 
muscle, found that errors due to wide 
variations in histologic technique were no 
greater than those involved in the use of 
the measuring micrometer, hut thej'^ were 
of the opinion that the overall precision 
of the technique, was too low to allow 
much reliance to be placed on data based 
on measurements of 5 to 10 arterioles in 
each section. However, in spite of the 
obvious validity of these criticisms, it is 
probable that some of the sources of error 
tend to neutralize each other, since the 
figures obtained by different authors who 
have used the Kernohan technique agree 
surprisingly well, not only with each other, 
but also with the results of Moritz and 
Oldt, which were based on the measure- 
ment of 75 arterioles in each section. 

The dimensions of the arteriolar bed 
may also be studied by injection methods 
which involve the use of radio-opaque 
solutions as described by Graham, and 
others. This method provides an excellent 
means of studying the architectural pat- 
tern of the vascular tree, but the neoprene 
injection-corrosion technique of Duff and 
More^ seems to offer a more satisfactory 
method of making accurate measurements 
of the vndth of the lumen of individual 
arterioles. Only preliminary studies have 
been reported with this technique, but 
much valuable information will un- 
doubtedly be obtained by the wder 
application of this method to the study 
of the arteriolar bed of the kidney and 
other organs of hypertensive patients. 

The Histologic Characteristics of Arteri- 
olar Sclerosis, hlost authors agree that 
arteriolosclerosis is a composite process 
which involves the simultaneous occur- 
rence of one or more of a number of 
diflerent pathologic changes in the arteri- 
olar wall. The individual components of 


the arteriolosclerotic process include inti- 
mal hyalinization, collagenous intimal 
thickening, elastic intimal hyperplasia, 
endothelial hyperplasia, medial hyper- 
trophy, medial degeneration, adventitial 
fibrosis, productive endarteritis and ne- 
crotizing arteriolitis. The characteristics 
of some of these processes, such as intimal 
hyalinization and elastic intimal hyper- 
plasia, are accepted by all observers, but 
there are still considerable differences of 
opinion regarding the frequency of occur- 
rence of some of the other components of 
the arteriolosclerotic process. For example, 
many authors do not recognize hyper- 
plasia of smooth muscle cells as a common 
feature of arteriolar sclerosis, while even 
those who are convinced of its existence 
admit that true medial hyperplasia cannot 
always be differentiated from the artefact 
produced by postmortem contraction of 
the vessel wall. A similar difference of 
opinion exists in regard to endothelial 
hyperplasia, but productive endarteritis 
and necrotizing arteriolitis are widely 
recognized as the characteristic lesions of 
the renal end-stage of so-called “malig- 
nant” hypertension. 

The highly variable appearance of the 
lesions which may be classified under the 
general heading of arteriolosclerosis is due 
partly to normal variations in the structure 
of the walls of arterioles of different sizes, 
partly to differences which are character- 
istic of the arterioles in various organs and 
tissues, and partly to variations in the 
severity and duration of the hypertensive 
process in different patients. It is in- 
evitable, therefore, that attempts to grade 
the severity of arteriolosclerosis vdll be 
subject to relatively large errors, and this 
must be borne in mind in evaluating the 
data presented below. 

The Renal Arterioles, (a) Qiianti- 
iative Grading of Arteriolar Sclerosis. The 
most important semi-quantitative studies 
of the incidence and severity of renal 
arteriolosclerosis in hjqjertensive patients 
are those of Bell and Clawson® (1928), 
Moritz and 01dt=® (1937), Castlemau and 
Smithvdck® (1943), and BelP (1946). 
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Bell and Chnvson^ studied autopsy 
material from 420 hypertensive ])atients, 
and graded the degree of renal arterio- 
losclerosis in 3GS cases as slight, moderate 
or severe, on the basis of the amount 
of subendothelial hyalinization. These 
authors restrict the term “arteriole” to 
the afferent glomerular arterioles only, 
and they make no mention of other 
changes such as medial hypertrophy and 
endothelial hyperplasia. The average age 
of the patients in this series was about 56 
years. 

Bell- lias recently reported a much 
larger series based on a studj’’ of autopsy 
material from IISO hypertensi^’e patients 
and 449 controls. The degree of arterio- 
losclerosis was graded separately in 
the “arterioles” (afferent glomerular 
arterioles) and “pre-arterioles” (terminal 
portions of the interlobular arteries) on 
the basis of intimal changes only. Four 
grades of severity were distinguished, 
namely: 0, 1, 2, and 3, as well as a sub- 
group of grade 1 which was called Ip to 
indicate that the intimal inrmlvement was 
partial rather than diffuse. E.vcluding 
those cases in which the diagnosis of 
essential hypertension was not fully 
established, results are given for 500 
hypertensive patients who died of causes 
other than renal failure, and for 309 non- 
hypertensive controls. The average age 
of the hypertensive patients in this series 
was about 58, and the average age of the 
controls about 68 years. 

Moritz and Oldt-® studied autopsy 
material from 100 hypertensive patients 
and 100 non-hypertensive controls 
matched for age, sex and race. They used 
the term “arteriole” to include the 
afferent glomerular arterioles and the 
terminal branches of the interlobular 
arteries up to an outside diameter of 100 
microns, and they graded the severity of 
the arteriolosclerotic process as mild, 
moderate or severe, on the basis of a 
composite assessment of subendothelial 
hyalinization, medial hypertrophy and 
endothelial hyperplasia. The average age 


of the patients in this series was about 53 
years. 

Castleman and Smithwick'’ studied small 
biopsies of the renal corte.x obtained from 
100 hypertensi\'e patients who were sub- 
jected to the operation of lumbodorsal 
sjunpathectomy. TJieir grading of arteri- 
olar sclerosis was biised on the evaluation 
of intimal hyalinization, medial hjper- 
trophj' and endothelial hyperplasia in 
vessels up to a maximum outside diameter 
of 100 microns. They reported their 
results in five grades (0, 1, 2, 3, and 4), 
but from their description it seems likely 
that their grades 3 and 4 are roughly 
comparable to the grade 3 of other authors 
who have used the 0-3 system. The results 
of Castleman and Smithvick are of 
special interest from the clinical point of 
view because the average age of their 
patients was only 40 j^ears as compared 
with 53 to 58 years for the 3 autopsj'^ 
series. The validity of the biopsy method 
has been severely criticized by Goldblatt,^® 
because of the small amount of tissue 
available for examination, but there is no 
reason to suppose that the admittedly 
large sampling error of the technique would 
be more likelj’' to lead to an underestima- 
tion than to an overestimation of the de- 
gree of arteriolar sclerosis. In any event, 
the fact that the biopsy method is open to a 
certain amount of justifiable criticism 
should not be given undue weight, since 
the data summarized in Table 1 show that 
the results of the biopsy studj^ are in 
essential agreement with the results of 
other investigations which involved the 
use of autopsy material. 

The data presented in Table 1, as well 
as the results of other investigators who 
have studied the problem, show that 
organic changes in the renal arterioles are 
present in almost every case of hyper- 
tension, but the complete absence of renal 
arteriolosclerosis in a small percentage of 
cases is an equally clear-cut finding which 
must not be ignored in the formulation of 
any hypothesis which seeks to e.xplain the 
exact nature of the relation between hyper- 
tension and renal arteriolosclerosis. 
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(6) The Size of the Lttvien of the Renal 
Arterioles. A common error in tlie inter- 
pretation of findings such as those pre- 
sented in Table 1 is the assumption that 
the presence of even the least severe grades 
of renal arteriolosclerosis implies the 
existence of a significant degree of 
mechanical obstruction of the renal circula- 
tion. This tendency to ignore the quanti- 
tative aspects of the problem has been 
criticized by Kimmelstiel and Wilson,^' 
and the validity of this criticism would 
seem to be upheld by the fact that the 
literature contains surprisingly few reports 


the thickness of the wall, although it is a 
matter of common observation that nar- 
rowing of the lumen and increase in the 
thickness of the wall of the renal arterioles 
are both frequently present in the kidneys 
of hypertensive patients. However, several 
authors including Lohlein^® (1917), Jaffe^^ 
(1925), Fishberg®“ (1925), and Moritz and 
Oldt^® (1937) have described dilatation of 
the afferent glomerular arterioles as one 
of the characteristic features of the renal 
vascular bed in the earlier stages of hyper- 
tension. This somewhat surprising ob- 
servation does not seem to have attracted 


Table 1. — Incidence and Severity op Arteriolar Disease in the Kidneys op Hypertensive 

AND Non-hypertensive Patients 

Grade of Arteriolosclerosis 


Author 

Type of 
material 

Number 

Average 

age 

None 
(per cent) 

Slight and 
moderate 
(per cent) 

Severe 
(per cent) 

Bell and Clawson® .... 

Hypertensive Patients 
. Autopsy 368 56 

10.6 

44.5 

44.9 

Moritz and Oldt®® .... 

. Autopsy 

100 

53 

3 

50 

47 

Castleman and Smithwick® 

. Biopsy 

100 

40 

7 

46 

47 

Bell® 

. Autopsy 

500 

58 

17.5 

50.9 

31.6 

Bell and Clawson® . . . . 

Non-hypertensive Controls 
. Autopsy — — 




Moritz and Oldt®® . . . . 

. Autopsy 

100 

53 

88 

12 

0 

Castleman and Smithwick® 

. Biopsy 

— 

— 

— 

— 

— 

Bell® 

. Autopsy 

309 

68 

52 

47 4 

0.6 


Table 2.— Measurements of the Arterioles in the Kidneys of Hypertensive Patients 



No. of 

Type of 


Authors 

patients 

hypertension 

L/W* 

Pilcher and Schwab®® . 

. . 6 

Controls 

2 11 


15 

Essential 

1.13 

Cain^ 

. . 9 

Controls 

1.83 

Foa et al.'> .... 

27 

Malignant 

0.63 

. . 13 

Essential 

0 61 

* Ratio of arteriolar lumen to v’idth of wall. 



of actual measurements of the degree of 
narrowing of the arterioles in the kidneys 
of hypertensive patients, especially in the 
early stages of the disease. 

The results obtained by 3 groups of 
investigators who employed the Kernohan 
technique are shovm in Table 2, but the 
only conclusion which can be drawn from 
these limited studies is that the L/^V ratio 
of the renal arterioles of h.i'pertensive 
patients seems to be reduced to about 
one-half the normal value. Unfortu- 
nately, none of the authors ga^-e separate 
figures for the diameter of the lumen and 


much attention, although Bell and Claw- 
son® state that dilatation of the afferent 
arterioles was rarely observed in their 
material. 

Anotlier interesting description of the 
characteristics of the vascular bed in the 
kidneys of hypertensive patients has been 
given by McMahom® on the basis of care- 
ful measurements on 100 kidneys from 
normal and hypertensive patients. He 
noted that in normal kidneys the lumen of 
the vascular channels decreased very 
gradually as one passed from the arteries 
into the arterioles, while in hypertensive 
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kidne; 5 ’s the rate of decrease in the size of 
tlie lumen was mucli more rapid. He 
interpreted his findings as evidence of the 
occurrence of a relative dilatation of the 
arteries and a relative constriction of the 
arterioles in the hypertensive kidneys. 
A somewhat similar picture of the general 
architecture of the vascular system of 
hypertensive kidneys was obtained by 
the radiographic injection technique of 
Graham,*- but the neoprene injection- 
corrosion technique of Duff and More’ 
would seem to be the method of choice for 
future studies of this aspect of the renal 
circulation. 

(c) Changes in the Jnxta-glomernlar 
Apparahts. A brief consideration of the 
possible significance of the juxta-glomeru- 
lar apparatus in the pathogenesis of hyper- 
tension is relevant to the present discussion 
because Goormaghtigh** and others believe 
that this structure exercises a measure of 
control over the renal circulation. Accord- 
ing to Goormaghtigh** the juxta-glomeru- 
lar apparatus consists of a group of special- 
ized afibrillar smooth muscle cells which 
are situated in the walls of the afferent 
arterioles close to their point of entrance 
into the glomerulus. A characteristic 
feature of the cells of the juxta-glomerular 
apparatus is the presence of granules which 
can be seen in sections stained by Masson’s 
trichrome method, although the ease with 
which these granules can be demonstrated 
varies greatly from one species to another. 
On the basis of extensive studies of the 
beha^^or of the juxta-glomerular ap- 
paratus in e.xperimental renal hyperten- 
sion, Goormaghtigh has evolved the 
hjpothesis that these cells constitute an 
endocrine organ whose function is to 
secrete renin, and thereby to initiate the 
renin-hypertensinogen-hjpertensin pressor 
mechanism. Although Goormaghtigh him- 
self has made only preliminary observa- 
tions on hmnan Iddnej'S, Kaufmann*® has 
studied the juxta-glomerular apparatus 
in the kidneys of 400 patients, and has 
found e%ddence of hyperplasia of the 
afibrillar cells in the renal arterioles of 
hypertensive patients. Oberling,®* on the 


other hand, who also studied the juxta- 
glomerular apparatus in several hundred 
human kidneys, came to the conclusion 
that the characteristic lesion in hyper- 
tensive patients is not hjperplasia but 
degeneration of the afibrillar cells. As a 
result of this observation, Oberling has 
modified Goormaghtigh’s hypothesis by 
postulating that the juxta-glomerular ap- 
paratus normally exerts a depressor effect, 
which is reduced or eliminated in hyper- 
tensive patients. However, Castleman 
and Smithwick^ were unable to confirm 
the observations of either Kaufmann or 
Oberling, since they did not detect any 
significant changes in the juxta-glomerular 
apparatus in renal biopsies from 100 
hypertensive patients. It is evident, there- 
fore, that much further investigation is 
required before Goormaghtigh's interest- 
ing hypothesis can be accepted as ha^^ng 
direct applicability to the pathogenesis of 
essential hypertension in the human. 

(d) The Relation of Renal Arteridlo- 
sclerosis to Hypertension. The close cor- 
relation between renal arteriolosclerosis 
and hypertension has given rise to tliree 
schools of thought regarding the possible 
cause and effect relation between the two 
conditions, namely, (1) that hypertension 
is the sole cause of arteriolosclerosis, (2) 
that arteriolosclerosis is an “aging” pro- 
cess which may affect many organs, but 
which causes hypertension only when it 
involves the kidney, and (3) that hyper- 
tension and arteriolosclerosis are inde- 
pendent processes which often undergo 
parallel development, and are capable of 
intensifying one another in the later stages 
of their evolution. The first of these views 
is clearly untenable, because typical 
instances of renal arteriolosclerosis are 
encountered in non-hypertensive patients. 
Moritz and Oldt^® and Goldblatt*® are the 
principal proponents of the second hypoth- 
esis, which is based on the belief that 
the pathogenesis of essential hypertension 
is similar to that of experimental renal 
hypertension in animals. The existence 
of a small percentage of hypertensive 
patients in whom no renal arteriolosclerosis 
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can be demonstrated is explained by 
Moritz and Oldt on the assumption that 
renal ischemia in these patients is caused 
by arteriosclerosis of the larger renal 
arteries, although Yuile,®® in a recent 
review of the evidence on this subject, 
came to the conclusion that arteriosclerotic 
narroAving of the main renal artery must 
be considered one of the veiy rare causes 
of hypertension. Moreover, the occur- 
rence of renal arteriolosclerosis in the 
absence of hypertension constitutes an- 
other serious objection to the acceptance 
of the Goldblatt hypothesis, although 
Moritz and Oldt haA^'e sought to explain 
this finding by making the additional 
assumption that renal arteriolosclerosis 
does not cause hypertension except in the 
presence of certain other unknoAvn factors, 
Avhich are presumably absent in those 
individuals Avith renal arteriolosclerosis 
Avho do not have hypertension. More- 
over, even if these explanations are 
accepted at their face value, most ob- 
servers find it difficult to believe that any 
but the more severe degrees of arterio- 
losclerosis can cause sufficient renal 
ischemia to produce hypertension by the 
Goldblatt mechanism. Since there is no 
reliable method of calculating the degree 
of impairment of renal circulation Avhich 
corresponds to any obserA'^ed degree of 
renal arteriolosclerosis, the acceptance or 
rejection of the Goldblatt theory depends 
on differences in the interpretation of the 
functional significance of the observed 
pathologic changes, rather than on any 
serious disagreement as to the A’^alidity 
of the general conclusions draAAUi from a 
consideration of the results of studies 
such as those summarized in Table 1. 
HoAA'eA'er, in the absence of clear-cut 
physiologic cAudence of the occurrence of 
significant degrees of renal ischemia in the 
early stages of essential hypertension, the 
majority opinion in the literature at the 
present time appears to haA'e rejected the 
second hypothesis in favor of the third, 
Avhich represents a compromise betAA-een 
the tAA’o extreme aucaa’s. 

The idea that renal arteriolosclerosis and 


hypertension are independent processes in 
the earlier stages of their development 
has been most clearly enunciated by 
Kimmelstiel and Wilson^i and by Bell," 
although both of these authorities believe 
that hypertension and renal arteriolo- 
sclerosis are capable of intensifying one 
another in the later stages of their dcA'^elop- 
ment. In conclusion, it should be em- 
phasized that the acceptance of this 
hypothesis does not imply a complete 
rejection of the possibility that the patho- 
genesis of hypertension may originate in 
some functional disturbance of the renal 
circulation. The crux of the argument is 
merely that the adherents of the third 
hypothesis do not believe that this cir- 
culatory disturbance can reasonabl}’^ be 
attributed to simple mechanical obstruc- 
tion of the renal circulation by the rela- 
tiA’^ely mild arteriolosclerotic lesions Avhich 
are so often observed in the kidneys of 
hypertensive patients in the early stages 
of the disease. 

The Arterioles of Skeletal Muscle. 
The state of the arterioles in skeletal 
muscle has been studied by seA’-eral authors, 
not only because this tissue contains such 
a large fraction of the total arteriolar bed 
of the body, but also because of the ease 
AATth which samples of muscle can be 
obtained b^'^ biopsy. Table 3 presents a 
summarj’^ of the results obtained by 6 
investigators Avho haA^e made measure- 
ments of the L/W ratio of the arterioles in 
skeletal muscle by the Kernohan tech- 
nique. 

In spite of the difficulties caused by the 
use of different classifications of hyper- 
tension and different definitions of the 
term "arteriole,” there is surprisingly 
close agreement betAveen the figures re- 
ported by different axithors. Apparently 
the normal L/IV ratio of the arterioles 
of skeletal muscle is about 2.0, AA'hile in 
patients AAnth moderately seA^ere hyper- 
tension the ratio falls to about 1.4, and 
in the most scA’ere cases to about 1.0. 
HoAveA-er, the results of the tAvo studies 
in AA-hich separate figures are giA'en for 
L and Y suggest that the obserA’ed 
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decrease in tlie L/W ratio is due mainly 
to an increase in the tliickness of the wall 
rather than to a decrease in the diameter 
of the lumen. On tlie basis of these find- 
ings, Foa, Foa and Feet® conclude tliat 
medial hypertrophj' is the characteristic 
response of the arterioles of skeletal 
muscle to the stresses caused by the 
increased intravascular pressure, although 
Fishberg® did not observe medial hyper- 
trophy in the arterioles in skeletal muscle 
in 72 patients vdth essential hypertension, 
and Andrus^ reported onlj' fibrotic changes 
in the media in his series of 32 cases. It 


skeletal muscle. In spite of the obvious 
incompleteness of the available data, a few 
tentative conclusions may be made re- 
garding the incidence of arteriolosclerosis 
in various parts of the body. 

(a) Gastro-intcstinal Tract, Liver, Pan- 
creas, Adrenal. In general, the changes 
in the arterioles in these abdominal 
viscera are similar to those which occur in 
the kidney, but the distinction between 
the hypertensive and control groups is not 
as clear-cut, because there is a somewhat 
higlier incidence of mild degrees of arteri- 
olar sclerosis in the controls, and a some- 


Table 3. — Summary of Results of Measurements on the Arterioles of Skeletal Muscle 




No. of 

TjTje of 





Author 

Material 

patients 

hypertension^ 

arterioles (/i) 

L/W 

L(a) 

WO,) 

Kernohan el al.™ ■ 

Biopsy 

50 

Controls 

25-100 

2.0 





n 

Benign 


1.4 





18 

Severe benign 







23 

Malignant 


1.1 



Moritz and 01dt=’ 

Autopsy 

38 

Controls 

18-72 

1.9 

15 4 

8 4 



38 

Essential 


1.4 

15 8 

11.3 

Keith et al.^^ . . . . 

. Biopsy 

50 

Controls 

25-100 

2.0 




<< 

10 

Grade I 


1.7 





26 

Grade II 


1.3 





37 

Grade III 


1.3 





65 

Grade IV 


1,2 



OdeI« 

. Autopsy 

58 

Controls 

25-100 

1.9 

21 

11 


<< 

20 

Grade IV 


1.2 

19 

15 

Heyer and Keeton'® . 

Biopsy 

14 

Controls 

25-100 

2.0 





14 

Essential 


1.4 





5 

Malignant 


1.0 




(( 

4 

Acute nephritis 


1.9 




4t 

8 

Chronic nephritis 


1.1 




t( 

8 

Miscellaneous 


1.4 



Foa ct al.^ . . . . 

Biopsy 

36 

Controls 

25-100 

l.St 





350 

All grades 


0.9 




* Grades used in this column are those of the Keith-Wagener classification. 

t These figures were calculated from the data shown in Figure 1 of the paper of Foa et al., because 
the figures given in the test were calculated on a different basis from that used by the other authors 
whose results are listed in Table 2. 


is also of interest that Graybiel, Allen and 
lATiite*^ failed to demonstrate the expected 
difference in the L/^V ratio in the arterioles 
of biopsy specimens of skeletal muscle 
taken from the arms and legs of 5 patients 
with coarctation of the aorta who had a 
moderate degree of hj'pertension confined 
to the upper extremities. 

The Artekioles in Other Organs and 
Tissues. Table 4 presents a summary of 
the relatively small amount of data which 
has been obtained by the application of 
quantitative or semi-quantitative methods 
of study of tissues other than kidney and 


what lower incidence in the hypertensives, 
especially in the liver. The measurements 
on the arterioles of these 4 Auscera show 
that the LyTV ratio decreases in proportion 
to the severity of the hj'pertensive state 
to about the same extent as in skeletal 
muscle (Table 3), the decrease in the ratio 
being due to simultaneous reduction in the 
diameter of the lumen and increase in the 
thickness of the wall. The pancreas and 
the adrenal are also mentioned by several 
authors as the commonest sites, apart 
from the kidney, for the occurrence of 
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necrotizing arteriolitis in cases of malig- all observers agree that arteriolosclerosis 
nant hypertension. is extremely common in the spleen even in 

(6) The Spleen. The arterioles of the non-hypertensive individuals, therefore 
spleen are mentioned separatelj'’, because the difference between the controls and the 


Table 4.— Summary of Data on the State op the Arterioles in Various Organs and Tissues 






Arbitrary grading of arter 

- 

Micrometer 


Organ or 


No. of 

Type of 

iolar sclerosis (per cent) 

measurements 

tissue 

Author 

patients 

hj’pertension 

0 

1 

2 

3 

L/W 

L(/*) 

W(p) 

GI Tract 

Moritz and 

100 

Controls 

81 

12 

7 

0 





OIdt29 












100 

Essential 

30 

24 

31 

15 





Morlock^o 

60 

Controls 





2 1 

22 9 

10.8 



19 

Grades II, III 





1.5 

19,2 

13.6 



43 

Grade IV 





1,1 

15 7 

13.9 

Liver 

Moritz and 

100 

Controls 

87 

7 

4 

2 





Oldt^s 

100 

Essential 

51 

24 

14 

11 





Morlock^o 

60 

Controls 





2.3 

21.1 

9.5 



13 

Grades II, III 





1.5 

17,0 

11.7 



18 

Grade IV 





1.1 

13,7 

12.2 

Pancreas 

Moritz and 

100 

Controls 

57 

26 

12 

5 





Oldt^s 

100 

Essential 

13 

14 

26 

47 





Morlock^® 

60 

Controls 





2.4 

22.8 

9,6 



19 

Grades II, III 





1.5 

17.4 

12 0 



43 

Grade IV 





1.2 

17 3 

13 9 


Pilcher and 

4 

Controls 





2 3 




Schwab^^ 

14 

Essential 





1.4 



Spleen 

Moritz and 

100 

Controls 

14 

28 

37 

21 





Oldt” 

100 

Essential 

1 

9 

35 

55 





Morlock^® 

60 

Controls 





1,3 

18.2 

14.3 



19 

Grades II, III 





1.15 

16.5 . 

14.3 



43 

Grade IV 





1.0 

14.9 

14,3 


Pilcher and 

5 

Controls 





1.3 




Schwab’’ 

15 

Essential 





0.7 



Adrenal 

Moritz and 

100 

Controls 

58 

25 

11 

6 





Oldt’9 

100 

Essential 

7 

21 

30 

42 




Thyroid 

Kyser” 

24 

Controls 





1.7 





39 

Grades I, II, III 





1.6 





15 

Grade IV 





1.5 



Myocardium 

Moritz and 

100 

Controls 

No arteriolosclerosis 





OldV’ 

100 

Essential 

tt 








Odel” 

90 

Controls 





2 1 

21.0 

10.0 



45 

Grade n"- 





1 9 

21.0 

11.0 


Pilcher and 

4 

Controls 





2.0 




Schwab” 

15 

Essential 





2 0 



Brain 

Moritz and 

100 

Controls 

S3 

10 

7 

0 





01dt=s 

100 

Essential 

50 

15 

27 

s 





Rosenberg’* 

15 

Controls 





3.5 

25.0 

7.0 



17 

Malignant 





1.7 

19 0 

11 .0 

Choroid 

Manlovc” 

7 

Controls 





7 2 





15 

Malignant 





3 2 



Retina 

Manlove” 

4 

Controls 





0 . 0 





14 

Malignant 





3.1 











Outside diameter 

meas- 









ured with ophthalmo- 


Koch” 

1S4 

Controls 





Ecopeon living patient. 

Ot .. 



SO 

Grade I 






77 




21 

Grade II 






i 1 




21 

Grade III 






Ot 

fin 




7 

Grade IV 






DU 

46 
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h;>'pertensive patients is Jess striking than 
in the other abdominal viscera. 

(c) The Heart and Lungs. The qualita- 
tive studies of Moritz and Oldt"® as well 
as the measurements reported by OdeP- 
and Pilcher and Schwab®* show that the 
arterioles of the mj'ocardium are seldom 
affected by significant degrees of arterio- 
losclerosis. It is doubtful whether the 
10% increase in the thickness of the wall 
of the arterioles in Odel’s series can be 
considered significant in ^new of the knowm 
experimental error of the Kernohan tech- 
nique. Ail observers agree that the 
arterioles of the pulmonary vascular bed 
are not affected in hypertension which is 
confined to the systemic circulation. 

(d) The Brain. The measurements made 
by Rosenberg®^ on the arterioles of the 
brain call attention to the wide lumen 
and thin wall which is characteristic of the 
normal cerebral arterioles, but his figures 
also show that there is a definite decrease 
in the lumen and an increase in the thick- 
ness of the wall in hypertensive patients. 
The data of Moritz and Oldt®® show that 
the incidence of arteriolosclerotic changes 
in the cerebral arterioles in an unselected 
group of hypertensi\'e patients is about 
the same as in the liver, but Da^^son and 
Brill® observed widespread and severe 
arteriolosclerosis in the cerebral arterioles 
of hypertensive patients in whom cerebral 
sj'mptoms were the predominant mani- 
festations. 

(e) Retina and Choroid. In view of the 
widespread use of the ophthalmoscopic 
examination of the retinal vessels as an 
index of the severit 3 ' of the vascular disease 
in hj'^pertensi'^'e patients, it is surprising 
that the literature contains so few detailed 
studies of the pathologic changes in the 
retinal arterioles. GreeaP® has recentlj' 
reviewed the literature on this subject and 
has correlated the ophthalmoscopic ap- 
pearance of the retina with the pathologic 
findings in a series of 16 cases. Koch- 
has also re'vnewed the literature dealing 
with in tiro measurements of the size of 
the retinal arterioles, and has reported 
a large series of additional measurements. 


The most striking feature of the normal 
histolog.v of the retinal arterioles is the 
fact that the media consists mainly’ of 
collagenous tissue with a ^^erj' small 
admixture of smooth muscle. Therefore 
it is impossible to differentiate sharplj' 
between subendothelial proliferation, 
medial h.vpertroph^', and peri\-ascular 
fibrosis. The measurements reported b.v 
Manlove®® show that the characteristic 
change in the retinal arterioles of hj’per- 
tensive patients is a considerable decrease 
in the diameter of the lumen and a cor- 
responding increase in the thickness of the 
wall. The ophthalmoscopic measurements 
of Koch- show that there is a progressive 
reduction in the caliber of the retinal 
arterioles as the severity of the hj^per- 
tensive state increases, but the frequenc^’^ 
of occurrence of reversible spasm in the 
retinal vessels is still a controversial point. 
Manlove’s measurements on the choroidal 
arterioles show that the changes in the 
L/IV ratio are of the same order as those 
observed in the retina, but all authors who 
have compared the degree of arterio- 
losclerosis in the retinal and choroidal 
vessels agree that the changes tend to be 
more severe in the choroid. 

Summary. In this reriew, emphasis 
has been placed on those investigations in 
which an attempt has been made to obtain 
quantitative data on the state of the 
arterioles in ^mrious organs and tissues 
of h.vpertensive patients. A review of the 
published results of such investigations 
shows that the data, though seriousb’^ in- 
complete in manj’ important respects, are 
sufficient to justify the following pro- 
visional h^TJotheses concerning the relation 
between hjqjertension and arteriolosclero- 
sis: 

1. Arteriolosclerosis is a primari' 
"aging” process, analogous to arterio- 
sclerosis of the large arteries, but modified 
in its histologic characteristics bj' dif- 
ferences in the normal structural properties 
of the walls of vessels of different sizes. 

2. In the absence of hj'pertension, the 
incidence of arteriolosclerosis increases 
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graduall 3 ^ with age, although the incidence 
and severity of the process vary widely 
in different parts of the body. For ex- 
ample, arteriolosclerosis is extremely com- 
mon in the spleen, but relatively infrequent 
in other organs such as the kidney. 

3. In hypertensive patients, there is a 
marked increase in the incidence and 
severity of arteriolosclerosis, not only in 
the kidney, but also in almost all organs 
and tissues which have been studied by 
quantitative methods. However, all ob- 
servers agree that arteriolosclerosis is 
completely absent from the kidne 3 ''s of a 
small but definite percentage of patients 
with undoubted essential hypertension. 
Moreover, although the evidence cannot 
be regarded as conclusive, the majority 
opinion in the literature at the present 
time does not support the hypothesis 
that renal ischemia of sufficient degree to 
initiate the Goldblatt pressor mechanism 
can be produced by the relatively mild 
degrees of arteriolosclerosis which are 
observed in the kidneys of a large per- 


centage of hypertensive patients, espe- 
cially in the early stages of the disease. 

4. The most satisfactory explanation of 
the available evidence would seem to be 
that arteriolosclerosis (an organic “aging” 
process) and essential hypertension (a 
“functional” hemodynamic disturbance 
of unknown etiology) are both primary 
independent processes which may undergo 
parallel development, but which are 
capable of intensifying one another in the 
later stages of their evolution. 

The disappointingly inconclusive nature 
of these hypotheses, and the inadequacies 
of the data on which they are based, 
should call attention to the serious de- 
ficiencies which still exist in the informa- 
tion now available on the state of the 
arterioles in essential hypertension. It is 
hoped that this review may serve to em- 
phasize the .need, not only for further 
studies by ordinary histologic methods, 
but also for the application of new tech- 
niques which will give a clearer picture of 
the hemodynamic characteristics of the 
arteriolar bed in h^'per tensive patients. 
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The many j'ears that Stockard gave 
to the clinical and e.x'perimental study of 
monstrosities and abnormal forms of life 
led him to regard them collectively as 
a disease entity.®*" He believed them 
susceptible of analj'sis in respect to cause 
and effect; and to conform to basic bio- 
logic laws. He did much to lift develop- 
mental arrests of man from the realm of 
medical curiosities and peculiar unex- 
plained aberrations of nature. Further- 
more, he introduced the concept in 1909 
that here was a problem of the public 
health — a mass phenomenon of disease 
“ which causes the death of about 23 % of 
the human race before or shortly after the 
time of birth and handicaps a certain 
proportion of the sur\'ivors throughout 
their lives. 

That developmental arrests are some- 
thing more than a collection of isolated 
events affecting scattered indi%'iduals, that 
collectively they constitute a problem of 
grouped populations and have community 
health significance has been an attitude 
of slow evolution. Yet the pattern of this 
developing appreciation is not unlike that 
which lias characterized most epidemio- 
logic problems in public health, from the 
communicable diseases through cancer 
and diabetes to automobile accidents. 

The initial interest in congenital anom- 


alies was clinical. It led to a great 
collection of ease reports as far back as 
the I7th centurj', naturally' concerned 
■with bizarre and unusual rather than 
minor malformations of more frequent 
occurrence. The next development was 
eAudent almost 200 years ago in an attempt 
at classification by purely morphologic 
criteria. Etiologic interpretation, sur- 
prisingly far advanced in 1832 by Geoffrey 
Saint-Hilaire,®® was given great impetus 
by numerous experimental**'®*'“’®° and 
embryologic^®"-*’ studies at the beginning of 
this centurj'. New momentum was added 
by epidemiologic observations of the past 
decade,*®"'*’ which confirm the existence of 
a public health problem. A concept of its 
nature begins to take form. Its e.xtent in 
detail and design remains ill defined. 

"IMiat has thus far been brought out is 
perhaps best, introduced by a brief con- 
sideration of the clinical nature of some of 
the congenital anomalies. If those of the 
head alone are even cursorily surveyed, 
no organ, tissue, or feature will be found 
to escape occasional anomalous develop- 
ment or even complete ablation. The 
most bizarre form is ablation of the whole 
head, or acephaly, which is not incom- 
patible Aidth brief postnatal life. By com- 
parison, anencephal^’^ approaches the 
natimal — ^ndth the supernatural dicephalic 
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monster at the oposite extreme. Besides 
Janus there is Cyclops and a host of 
gtotesque variations from the Greek faun 
of antiquity mth his primitive ear to the 
“mongolian idiot,” incorrectly so desig- 
nated in 1866 by Langdon Down because 
of the slant eyes and brachycephalic head. 
The li^t of cephalic anomalies is merely 
begun. Microphthalmia, malformed ears, 
cleft palate, hare lip are common enough, 
but the names give no indication of the 
groupings of associated deformities or the 
transitional forms between such classes.^® 
Is a mongoloid child with a cleft palate 
not just as logically an instance of cleft 
palate with associated mongolism? Is a 
boy w'ith such a minor anomaly as a cleft 
uvula a normal individual or a patient 
with minimal cleavage of the palate? 

Such questions illustrate the difficulty 
of classifying developmental arrests mor- 
phologically. Practically, the problem 
has been met, though not solved, by the 
common selection of the most dramatic 
clinical deformity of an associated group 
in naming the condition. Thus, the single 
eye is the primary stigma which identifies 
cyclopia, while the constantly associated 
proboscis-like deformity of the nose is 
ignored. It is reasonable to believe that 
no one deformity is of greater biologic 
significance than another. Each is part 
of a broader pattern. Such patterns may 
well be significant in interpreting the 
peculiarities and reactions of host and 
agent which lead to their production. 

Clinical causes of developmental arrests 
have remained obscure, with perhaps one 
outstanding exception. The role of syphilis 
has long been appreciated. The likelihood 
of the syphilitic mother to produce, after 
several abortions and a macerated fetus, a 
child showing Hutchinsonian stigmata 
followed by a normal child, is classical 
teaching. No attempt is made to discount 
the importance of hereditary factors in 
the general problem of congenital anom- 
alies, but at least they are not implicated 
in those developmental arrests of syphilitic 
origin, and probably not in most others. 

The morphologic characteristics of 


anomalous conditions provide a basis for 
their embryologic interpretation Even 
when the cause of the associated arrests 
cannot be determined, the time of their 
origin and the sequence of events there- 
after can often be delineated with reason- 
able accuracy. 

Epidemiology has thus far scarcely been 
concerned with this field. That a baby 
born with no head might have suffered 
from the same disorder as a baby born 
with two heads has seemed too absurd to 
w'arrant evaluation. The first is called 
acephaly, the second dicephaly, wth the 
implication that they represent as many 
unknown diseases as there are names. 
When multiple deformities co-exist, one 
is ordinarily accorded primary emphasis 
and the others become secondary. When 
the deformity is severe, the child is a 
monster; when less severe, it is a develop- 
mental arrest; and wffien minimal it is 
regarded as inconsequential and of no 
significance. 

Epidemiologic events of the past decade 
now make evident that the principles 
discovered a generation ago to underlie 
abnormal forms of lower animal life, in all 
likelihood apply equally to human arrests. 
These principles based upon studies ac- 
cumulated through 200 j'^ears "were clari- 
fied and formulated by Stockard®^‘= as 
follows: 

1. Every type of developmental monster 
knovTi in the literature may be produced 
by one and the same experimental treat- 
ment. 

2. The same structural abnormality 
may be induced in the embryos of various 
species by a great number of different 
experimental treatments. 

3. The type of monster or deformity is 
determined by the developmental period 
in w'hich the arrest is induced. 

It cannot be said, to be sure, that 
“every type of developmental monster” 
in man has been observed to follow 
rubella, but certainly congenital cataract, 
heart disease, dental defects, microcephaly 
and mental retardation have been demon- 
strated as its occasional sequeloe.^ 
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Earlj" in 1941 Gregg, an ophthalmol- 
ogist,i6a,6 noted among babies in Australia 
a relatively large number vath congenital 
cataract. In 68 of the 78 collected eases 
the child’s mother was found to have 
eontracted rubella while pregnant. Prior 
to 1939-1940 no appreciable epidemic of 
this disease had e.visted in Australia for 17 
years. The opportunity had arisen for the 
accumulation of a large number of sus- 
ceptible young adults, including women 
in the child-bearing age.^ Of seeming 
significance was the fact that so far as 
could be ascertained the rash had appeared 
with great regularity in the early months 
of pregnancy. Gregg h 3 'pothesized a 
causal relationship between rubella and 
the observed congenital defects. 

In order to determine the significance 
of Gregg’s observations a commission was 
established,®'® headed by Swann, to con- 
firm the diagnosis and investigate the 
subsequent history of patients contracting 
an exanthematous disease during preg- 
nancy. The commission confirmed Gregg’s 
observation that maternal rubella was 
associated vdth subsequent developmental 
arrests of the lens and the heart. Maternal 
infection had occurred in 29 of 31 such 
instances during the first trimester of 
pregna^cJ^ The series has been e.xtended 
bj^ other investigators. Of 
136 such cases anal.yzed bj"^ Conte et al,^^ 
72% had cataract, unilateral or bilateral; 
61% had mental retardation; and 58% 
congenital heart disease. At least 53% 
had multiple anomalies. The grouping 
of rubella bj^ month of gestation is shown 
for 100 babies with developmental arrests, 

(Fig. 1.) 

The significant aggregation of cases in 
the first trimester confirms Gregg’s original 
hj^jothesis of a causal relation between 
maternall}' contracted rubella and develop- 
mental arrests. The data indicate that 
congenital cataracts and congenital heart 


disease, mental retardation, and dental 
defects'® characterizing these babies origi- 
nated as a rule in the first trimester of 
pregnanc.y. The epidemiologic data are 
entirel}' consistent with the embrj'ologic 
fact tliat the lens* and heartf undergo 
definiti\'e differentiation during that tri- 
mester of pregnane^'. 

The actual risk of deformity to the fetus 
as a result of rubella in pregnanc.v is not 
indicated bj" the figures cited in the 
Australian studies. That the fetus maj' 
escape clinicallj’^ e^^dent arrests was shown 
bj’ Swann and his co-workers®®®'*’ and bj' 
Fox and Bortin;'^ that the fetus maj^ die 
was suggested b^^ e\ddence presented bj" 
Aj'cock and Ingalls.® The available epi- 
demiologic data were consolidated and ex- 
tended bj"- Ober, Horton and Feemster.®' 
Of 40 pregnancies complicated bj' 
maternal rubella in the first trimester, 
80% resulted in abortions or still births, 
32% in babies vdth congenital arrests, 
while 50% were apparentlj' normal. Of 
36 instances of rubella in the second and 
third trimesters, S % resulted in abortions 
or still births, 6 % in babies with develop- 
mental arrests, and 86% in apparentlj" 
normal infants. jMinor arrests and minor 
degrees of mental retardation cannot be 
excluded without e.xhaustive studies and 
longer obser^^ation. 

These facts furnish definite epidemi- 
ologic eHdence that an en^dronmental 
agent operating after fertilization of the 
human o-vmm maj- kill the embryonic host 
or merelj’^ arrest tlie development of 
particular organs. The principle has long 
been accepted as regards sjqjhilis, but its 
extension and application to such a simple 
disorder as rubella implies that other 
simple disorders are likewise effective 
agents in the production of arrests. 

Rubella is now revealed as an agent 
capable of acting during manj-^ weeks of 
earlj' pregnanc.v to produce a variety of 


* Lens fibers are ewdent shortlj' after a month of gestation and "toward the end of the third month 
the primarj' lens fibers attain a length of IS mm., whereupon they cease forming new fibers by cell 

t “The critical period for the development of congenital cardiac defects is from the fifth to the eighth 
week of intrauterine life, during which the septa are forming, the bulbis cordis is undergoing involution, 
and torsion of the great -vessels is taking place. ”< 
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arrests. By contrast, mongolism has were about 40 years, and most of the other 

recently been demonstrated by embryo- group about 24 years old (Fig. 2). An asso- 

logic methods to be a syndrome of multiple ciation between mongolism and relatively 

arrests originating at about the eighth advanced age of the mother is clearly evi- 

week of fetal life.^®“ By epidemiologic dent, a circumstance of itself giving proof 

methods, an association has been developed of a maternal factor operating in causation, 

between mongolism and maternal uterine The several irregularities in distribution 

or systemic disease of varying nature, at younger ages indicate that additional 

present or operating at about the stated factors other than advanced age must 

time.^®*'^® operate. 

CASES 
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Fig. 1. — Congenital defects (of the lens, heart, teeth, skull and brain) following maternal rubella, by 

month of pregnancy.’ 

NCfthtAi. , MONGOLOrO 

BIRTHS births 



Fig. 2.— Age distribution of mothers of normal babies. United States 1934 (broken line) and of mothers 

(2S22) of mongoloid babies (hea\'j'’ line).’ 

Bleyer® plotted the ages of 2,822 mothers Three factors have been identified in 
who gave birth to mongoloid infants the causation of mongolism — gestational 
against the ages of more than 2,000,000 hemorrhage, mechanical disorders of the 
mothers in the United States who produced uterus, and intercurrent infection. Gesta- 
normal infants during 1934. jMost of the tional hemorrhage was associated with 
mothers producing mongoloid offspring mongolism in 20.4% of 216 mothers studied 
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by Schroeder,*** Beidleman® and Benda.® In 9 of the 11 reported instances of inter- 
The incidence of gestational hemorrhage current infection complicating pregnancies 
was less than 1 % in a series of 24S mothers productive of mongoloid children, the 
producing normal babies.-® The time of infections centered in the second and 
the hemorrhage (Fig. 3) tended to cen- third months (Fig. 4). Three of the 9 were 
ter at the end of the second month of rubella;^’*®’^® the others included in- 
gestation.'®® fluenza purulent otitis media 2 and 

hemorrhages 



MONTH 

Fig, 3. — Distribution of maternal hemorrhages (24) by month of pregnancy of mothers (16) of 

mongoloid babies.® ® 


INFECTIONS 



0123456789 

MONTH 

Fig. 4. — Maternal infection and mongolism. Distribution of rubella (black dot) and other infections 

(white dot) by month of pregnancy." m n.is 


By gynecologic examinations Schroeder 
found 26% of 99 mothers of mongoloid 
babies to have a significant degree of 
retroflexion or prolapse of the uterus, 
while only 5.5 % of 248 mothers of normal 
babies had sueh abnormalities. Pathologic 
changes, including myomata of the uterus, 
were encountered more frequently in the 
older age group of the mongoloid series and 
corresponded in general with gestational 
bleeding. 


mumps. The number of cases is small but 
their occurrence" at the period known to be 
significant for the production of mongolism 
is suggestive. 

Similar epidemiologic methods applied 
to encephalo-ophthalmic d^'splasia (Retro- 
lental Fibroplasia) have confirmed Terr^^’s 
observation of an association with pre- 
maturity and multiple pregnancy.® Half 
of 26 patients whose birth weights are 
recorded, weighed under 3 pounds at 
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birth; two-thirds of a series of 77 infants 
weighed less than 5 pounds.2“'2<55 Further- 
more, it was found that 11 (14:%) of 77 
mothers had multiple births; 8 (10%) had 
intercurrent infections; 3 (4%) had toxe- 
mia of pregnancy; 2 (3%) had placenta 
previa; and 18 (26%) gestational hemor- 
rhage. The relation of anomalies to the 
maternal condition was indicated by the 
frequency of toxemia of pregnancy, mul- 
tiple births, and placenta previa as com- 
pared with chance expectancy, and hj'^ the 
grouping of hemorrhages and intercurrent 
infections during or shortly after the 
second trimester of pregnancy.^*' 


logic criteria. At present, the positions 
of the post-rubella defects, mongolism and 
encephalo-ophthalmic dysplasia are the 
only prenatal patterns which have been 
confirmed by epidemiologic and embryo- 
logic evidence. The other examples of ar- 
rests acquire their position on embryologic 
evidence only. Evidence is not suflBciently 
refined for even the best observed agents, 
syphilis and rubella, to plot their precise 
temporal relationships to speeific sequelse. 
Indeed, for a chronic disease like syphilis, 
of necessity the period of activity must be 
inferred from the nature of the arrests 
rather than measurable clinical manifesta- 


INFECTIOUS DISEASES 
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rubella 

CHICKEN POX 

MUMPS 

POLIOMYELITIS 
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NUTRITIONAL 

DEFICIENCY 

ECLAMPSIA 


toxins 

ANOXIA 

Mechanical disorders 


UTERUS 


PLACENTA 

TRAUMA 



CONCEPTION gestation BIRTH POST-NATAL LIFE 

Fig. 5, — Schematic presentation of the origin of developmental arrests. 


The general implication of these several 
phenomena is that they are the clinical 
expression in man of the principles dem- 
onstrated to operate in lower animals. 
This relation can be illustrated by ar- 
ranging established patterns of grouped 
arrests as ordinates along a base line 
representing periods of fetal development 
(Pig. 5). 

If agents proven or suspected of pro- 
ducing arrests are plotted as abscissae, 
a grid results on which certain points 
represent associated cause and effect 
judged by epidemiologic as well as embr.i-o- 


tions. Further refinement of knowledge 
can be expected to come by relating the 
acute rather than the chronic illnesses of 
pregnancy to their arrests. Since a con- 
siderable clinical error is often present in 
respect to actual date of conception, this 
method of approach presents obstacles. 

The specific implications to be derived 
from these collected observations on 
rubella, mongolism and encephalo-oph- 
thalmic dysplasia are first, that epidemio- 
logic methods of study may profitably be 
applied to investigation of many chronic 
diseases of the child originating in the 
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developmental period of life, where the 
origin is not clearly due to hereditary 
factors. These conditions would presum- 
ably include a considerable segment of the 
diseases of human beings. Some become 
apparent only after many years. 

Secondly, if mechanical disorders of the 
uterus, placental hemorrhage and inter- 
current infections are causative factors in 
respect to certain recognized arrests at 
particular periods of gestation, then it is 
reasonable to assume that they may 
operate at other periods. That rubella has 
thus far been identified only ndth arrests 
of the first trimester may prove to be more 
apparent than real. Consequences of an 
entirely different nature and conspicuous- 
ness would be expected to follow the 
disease in the second and third trimesters. 
For e.xample, the demonstration of spina 
bifida in possible relation to such an illness 
would take an entirely different technic 
(radiologic) to prove or disprove, as 
compared with congenital cataract (oph- 
thalmologic). 

Summary and Conclusions. — The period 
of prenatal development is of crucial 
significance in shaping the individual’s 


ultimate physical status. Disease of the 
mother reacting on the fetus may result 
in death, disability, or recovery without 
residual effect (i. e., escape) on the 
infant. Maternal intercurrent infection, 
metabolic diseases and mechanical dis- 
orders of the uterus are the principal 
agents. Rubella to date is the best 
e.xample with its arrests demonstrably 
related to development during the first 
trimester of pregnancy. Those of mongo- 
lism occur about the eighth week and those 
of encephalo-ophthaimic dysplasia during 
or shortly after the second trimester. 
Others await definitive evaluation. 

Three principal epidemiologic implica- 
tions become e%ndent in respect to develop- 
mental arrests. Unrelated agents acting 
during pregnancy may give rise to the 
same t3q)e of arrest. Different types of 
arrest may be caused by a single agent. 
The resulting anomaly is expectedly a 
function of the stage of development at 
which the agent is active. Patency of the 
cardiac septum cannot come into being 
as a developmental arrest after the septum 
has closed; nor an imperforate anus after 
the anal membrane has perforated. 
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Most of the communicable diseases 
now implanted in the American population 
were imported to this continent as part 
of the general global spread of infectious 
processes that gained prominence in the 
15th and 16th centuries, ' and still con- 
tinues, This broader dissemination of 
infectious agents came about chiefly 
through expanding trade and travel.® 
The amount and rapidity of international 
transportation of men and animals con- 
tinue to be governing factors that deter- 
mine the gradual transition that is taking 
place from a state of isolated foci of par- 
ticular diseases scattered throughout the 
world, but periodically disturbed by 
pandemic spread of some one or other; to 
that of a world which is now becoming one 
epidemiological unit.®® 

The history of epidemic disease in the 
United States would indicate that the 
majority of our domestically common in- 
fections were imported — measles, diph- 
theria, smallpox and undulant fever, to 
name a few. Some appear definitely to be 
indigenous diseases of pre-Columbian 
America, such as tularemia, Rocky Moun- 
tain spotted fever, coccidioidomycosis 
and Chagas’ disease of South America. 
The status of others is less precise, wth 
conflicting evidence as to whether they are 
native to North America or imported 
within historical times. The well known 
controversy about syphilis is in point. At 
any rate, the number derived from these 
several sources is imposing, as indicated 
by tlie list of official reportable conditions 
to health departments. Many others are 
recognized through epidemiological®^ and 
clinical‘2 descriptions. Leprosy of North 
Arnerica is very definitely an imported 
disease.'®^'!® 
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Unlike measles, smallpox, and so many 
other imported diseases, leprosy has never 
become generally implanted in the Ameri- 
can" population. The currently existing 
major foci of infection include the Southern 
States of Louisiana, Texas and Florida;® 
but even here the number of cases has 
never been great. Minor foci have 
existed in California and South Carolina.^^ 
Georgia, Alabama and Mississippi^®'^ con- 
tribute occasional cases among native 
born Americans and scattered representa- 
tion comes from some half dozen other 
states. Minnesota and neighboring states 
comprised a focus of leprosy for a number 
of years.® 

Prolonged and intimate exposure as a 
requirement for the transmission of leprosy 
has been widely used to explain the strik- 
ing tendency toward localized and familial 
occurrence, a well known characteristic of 
the disease.®® Whether the idea of long 
exposure is based on actual evidence or 
is merely an assumption evolved to fit the 
observed distribution into the contagionist 
point of view, is open to question. The 
concept of “prolonged and intimate ex- 
posure” and the variability in the incuba- 
tion period are both sufficiently broad to 
permit explanation of the distribution of 
cases under almost any circumstances of 
time and space; notably the restricted 
occurrence, and failure to follow usual laws 
of contagion. On the other hand, a num- 
ber of epidemiologic features of the disease 
are inconsistent with such a view. 

In the first place, many studies of 
“leprosy in relatives" show a concentra- 
tion of cases in distant relatives ordinarily 
not ll\dng under conditions of “ prolonged 
and intimate exposure.” Perhaps the 
most striking example is the long con- 
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tinued occurrence of the disease in the two 
wideb^ separated foci on the North Ameri- 
can continent, in the same racial stock and 
in individuals kno™ to be related.^ It 
is further significant that the disease did 
not exist in either population until many 
years after they were separated in 1755. 
In communicable diseases as a group such 
as measles, German measles, diphtheria, 
and scarlet fever, secondary attack rates 
in families beyond childhood age are 
uniformly higher in females. This seems 
clearly due to the fact that the adult 
female is subject to more “prolonged and 
intimate exposure” within the family than 
the adult male. Under similar conditions 
of e.xposure and measured in terms of 
person years, secondary familial attack 
rates in leprosy preponderate in males by 
about 2 to 1.^ The only explanation 
offered, even by the contagionist school 
of thought, is a different inherent sus- 
ceptibility in the two se.xes.^ 

The extraordinary infrequency of con- 
jugal leprosy as compared nith its oc- 
curence in blood relatives, within the 
household and more distant, is one of the 
strongest arguments against prolonged 
and intimate exposure as an essential 
factor in transmission. The common 
e.xplanation is that the individuals con- 
cerned are past the susceptible age — a 
supposition not borne out by the age 
distribution of leprosy, nor by data here 
presented in respect to persons first 
exposed in adult life (Spanish-American 
U'ar veterans). Using a modified life- 
table method, DouU cf brought out 
that secondary attack rates for lepro- 
matous cases decreased, as age at first 
exposure increased. It is not clear, how- 
ever, to what e.xtent these results may 
have been affected by removal of sus- 
ceptible individuals from older age groups 
through having already developed the 
disease as primary cases. 

Previous studies of regional, racial, and 
familial selectivity in the occurrence of 
leprosy on the North American eon- 
tinent^'^''* are in keeping with the view 
expressed by Sir James Simpson in 1842^ 


and now generally accepted, that the 
major determinant is neither hereditary 
transmission nor prolonged and intimate 
exposure, but probably ordinary e.xposure 
in regions, in racial stocks, and in families 
with an hereditary susceptibility to the 
infection. 

In 1882 Hirsch'® wTote “the best ground 
on W'hieh to try this question is obviously 
afforded by the small closely circumscribed 
and therefore easily surveyed leprosy- 
spots, with a fi.xed population subject to 
no changes where the state of health in the 
several families may be learned with the 
least possible 'trouble and followed with 
certainty through a long series of genera- 
tions. ” 

The incidence of the disease in nativ^e- 
born Americans serving in the Armed 
Forces, and in veterans of our wars, affords 
an opportunity for observations’' on the 
incubation period of the disease, on 
prolonged intimate exposure as a require- 
ment for production of the disease, and 
on inherited susceptibility as a major 
determinant in the tendency to familial 
occurrence. The study is particularly 
worthwhile in that the respective theaters 
of war presented variable opportunities 
for e.xposure to leprosy,’’ and because of 
the vmried regional, racial, and familial 
origin of patients among the members of 
the Armed Forces. The first requisite in 
ev^aluating the relative significance of host 
susceptibility and continued e.xposure is 
to note the relative frequency of leprosy 
in the several theaters of war in which our 
armies operated, and to determine the 
origin by place of birth of those who con- 
tract the disease during service or there- 
after. The time relationships to place and 
length of service are likewise necessary. 

The best historical accounts indicate 
that leprosy was first introduced to the 
American continent in the middle of the 
18th century. White’’ states that it was 
present in Louisiana in 1758 and good 
evidence exists that Florida was involved 
about 1775;'’^ in both instances presum- 
ably through the slave trade and the ^\est 
Indies. No knowm information suggests 
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:he presence of the disease at the time 
5f the Revolutionary War in the northern 
colonies or in other areas where that war 
was foughtd®** Troops of the American 
Forces may be assumed not to have been 
at risk. At any rate, study of a variety of 
sources®’^® fails to give record* of the 
occurrence of leprosy among soldiers of 
this war period or in veterans thereafter.^ 
The war of 1812 did involve the element 
of risk since leprosy is known to have 
existed for some 70 years in New Orleans, 
the principal theater of war. Again no 
record of military cases can be found.^®-^^ 
Leprosy in the general population was 
certainly not common and the number of 
troops, judged by standards of subsequent 
wars, was not great. The medical records 
of the Ai-my^® of that day were, however, 
not such that assurance can be had of the 
absence of the disease. 

The complete lack of reports of leprosy 
in connection with the Mexican War of 
1846 or among veterans of that war is 
more difficult to understand. The war 
lasted two years. The number of men 
involved was appreciable and Mexico had 
long had leprosy in considerable numbers. 
HirscW® states that it occurred “ in general 
diffusion, mostly indeed among native 
Indians, both on the coast and in more 
elevated, if not even the highest points.” 
He cites medical reports of its existence at 
least in 1838. Army records are available in 
greater detail and number, and yet men- 
tion of leprosy is absent,^®® 
both in the period of the war and in the 
years that followed.® The experience of 
later American wars fought in similar foci 
of infection discounts the validity of con- 
clusions which might be dravm from this 
negative evidence. Epidemiological con- 
siderations would suggest that the disease 
may well have occurred in veterans of this 
campaign. Indeed many years passed 
after the Spanish-American War of 1898 
before the association of temporary station 
in a foreign endemic focus and the later 


development of the disease among veterans 
was established. 

The Civil War was fought in domestic 
territory in regions essentially free of 
leprosy. The lack of reported cases^®'^^ 
is in agreement with what must have been 
a minimal risk. Reliable information on 
leprosy as a feature of military operation 
in the fields is available for the last 3 wars 
of our history. 

Time Relationships. From 1921 to 
1940, 32 Spanish-American War veterans 
were admitted to the U. S. Marine Hos- 
pital at Carville, La., suffering from 
leprosy. Thirty patients had military 
service outside the United States in places 
known as foci of leprosy: Puerto Rico, 
Cuba, Hawaii, China — 25 in the Philip- 
pines. Two had not; one coming from 
Louisana and the other from Texas, both 
states being recognized foci of the disease. 
Five of the group were born outside the 
United States. Of those born in the 
United States, 19 were from parts of the 
country that are not foci of the disease. 

During the same period, 51 World War 
I veterans were admitted to the National 
Leprosarium. The records of 33 show no 
service outside the United States and 
only 6 had a record of service in foreign 
countries which are foci of the disease — 
1 in the Philippines. Eighteen were born 
outside the United States, 33 in the 
Southern tier of states and none north of 
this region.^®® 

As of 1946, 28 cases of leprosy have oc- 
curred in veterans of World War 11.^^ 
Thirteen men were born in foreign coun- 
tries, and 11 in the United States, of whom 
10 were from states knovm to be foci of 
the disease. Only 1 was born outside 
such areas. 

Cases occurring during these wars are 
listed in Tables 1, 2, and 3, shovdng age 
at first symptoms as nearly as could be 
ascertained, place of birth, place from 
which admitted to the leprosarium, de- 
scent, and date of onset of the disease. 


* The information on leprosy in relation to the earlier wars of Ihe United States is furnished by Colonel 

.1. H. McNinch, Director of the Army Medical Library, War Department, who conducted a careful 
so.arch of military records and published reports not ordinarily available. 
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The \^eterans of the Spani’sh-American 
War had their origin, both by birth and by 
plaee of admission, in widely separated 
localities. Veterans of World War I, both 
native-born and foreign-born, by birth 
and place of admission, originated largely 
in areas known to be foci of the disease. 
Veterans of World War II (place of ad- 
mission not shown since admissions have 
been directly from the military service) 


following military ser>dce.- The first case, 
born in Iowa and admitted from Nebraska 
with no history of other exposure, is 
presumed to have been exposed in the 
Philippines during military serrice from 
1898 to 1899 and therefore to have de- 
veloped the disease after an unusually 
short incubation period. The last case 
developed the disease in 1938; was born 
in Missouri, and admitted from Missouri; 


Table 1. — Lepbosy. Spanish-American’ War Veterans 


Record No.* 

Age 

1st symp. 

16 (308L) 

32 

£0 (33SL) 

45 

93 (93) 

47 

144 (144) 

. 37 

176 (176) 

56 

1S6 (186) 

51 

230 (230) 

40 

244 (244) 

32 

250 (250) 

33 

312 

57 

351 

od 

389 (389) 

39 

433 

45 

450 

40 

4S4 (4S4) 

41 

571 (571) 

48 

628 (626) 

51 

641 (641) 

45 

774 

42 

907 

36 

981 (981) 

42 

1009 (1009) 

50 

1009 A 

59 

1242 (1242) 

53 

1290 

66 

1330 

59 

1376 

55 

280 

44 

292 

49 

364 

41 

1057 

37 

1266 

58 (25?) 


* National Leprosarium. 


Nalite-horn 


Place of birth 

Place of adm. 

Descent 

Date 

Jst symp. 

N. C. 

D. C. 

Scotch-Ir. 

Ab. 1905 

Mich. 

Mich. 

Not given 

Not given 

Penna. 

Fla. 

1C H 

Ab. 1915 

Missouri 

Kan. 

cc a 

Ab. 1915 

Penna. 

Philippines 

if a 

Not given 

La. 

New Orleans, La. 

if it 

1921 

La. 

New Orleans, La. 

ft it 

Ab. 1913 

Te.xas 

Texas 

(( f( 

1907 

Ala. 

Ga. 

tt it 

1916 

N. C, 

Va. 

a a 

1924 

Ohio 

Ohio 

German 

1924 

lon-a 

111. 

Not given 

1924 

R.I. 

Kan. 

French 

1923 

Ark. 

N. Y. 

Eng.-Irish 

1923 

Kjl 

Mont. 

Not given 

1906 

La. 

New Orleans, La. 

if tt 

1923 

Texas 

Texas 

ft tt 

1928 

Ind. 

D. a 

ft It 

1919 

Ga. 

Ga. 

American 

Ab. 1921 

Iowa 

Neb. 

German 

Ab. 1901 

Ohio 

Calif. 

Not given 

Ab. 1916 

Penna. 

Philippines 

Dutch 

1930 

Ohio 

Philippines 

German 

Not given 

La. 

New Orleans, La. 

Not given 

Ab. 1935 

Va. 

Ohio 

Am.-Negro 

Ab. 1935 

Mich. 

Texas 

Irish-Am. 

Ab. 1934 

Missouri 

Missouri 

Not given 

1938 

Germanj' 

Foreian-bom 

Wisconsin 

German 

Not given 

Bohemia 

Va. 

Bohemian 

1921 

Ireland 

Hawaii 

Irish 

1916 

Russia 

N. y. 

Jewish 

1922 

Germany 

Ga. 

German 

1933 (1900?) 


by place of birth, largely originate in areas 
known to be foci of the disease.'^ More 
than half of the foreign-born originated in 
the Philippine Islands. 

Chart I shows native-born ^-eterans of 
the three wars according to the time they 
developed the disease, and according to 
whether tliey were born in recognized 
foci of the disease or in other areas of this 
country. Cases in Spanish-American V ar 
veterans developed in from 3 to 32 ^ears 


and was in the Army in the Philippines 
from 1906 to 1908 (included vdth Spanish- 
American War veterans). Since there is 
no history or presumption of other ex- 
posure, this patient would appear to have 
developed recognized symptoms of the 
disease 30 j’ears after e.xposure. It should 
be stated, however, that a number of 
veterans who developed the disease follow- 
ing the Spanish-American War cannot be 
assumed to have had incubation periods 
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as long as indicated, because of residence 
in the Philippines, either as members of 
the Army or as civilians, for many years 
following the Spanish-American War itself. 

Of 18 cases in Spanish-American War 
veterans^® (on whom data are available), 


who came from places which are not 
domestic foci of the disease, the periods 
during which exposure in foreign foci 
could have occurred range from 9 months 
to 32 years, as shown in Table 4. Perhaps 
it should be emphasized that these figures 


Table 2. — Leprosy. World War I Veterans 


N alive-born 



Age 




Date 

Record No.* 

1st symp. 

Place of birth 

Place of adm. 

Descent 

1st symp. 

52 (3 ML?) 

24 

La. 

La. 

Not given 

1919 

95 

22 

La. 

Calif. 

fi it 

1919 

113 

32 

La. 

La. 

a ii 

1919 

123 

43 

La. 

La. 

u a 

Not given 

145 

23 

Fla. 

111. (Fla.?) 

Am.-Negro 

1918 

197 

24 

Fla. 

Fla. 

ii it 

1919 

215 

28 

Texas 

Calif. (Texas?) 

American 

1921 

228 

24 

Fla. 

Fla. 

Eng.-Scotch 

1919 

231 

18 

Texas 

Texas 

English 

1917 

246 

30 

New Orleans, La. 

Mississippi 

Am.-Negro 

1918 

272 

27 

Texas 

Texas 

ii ii 

1919 

300 

26 

La. 

New Orleans, La. 

Not given 

1917 (1921) 

337 

20 

La. 

La. 

ii ii 

Not given 

390 

26 

La. 

New Orleans, La. 

ii ii 

1919 

414 

22 

Mississippi 

Mississippi 

Negro 

1919 

489 

31 

Ga. 

Tenn. 

Am.-Negro 

Ab. 1919 

562 

31 

La. 

New Orleans, La. 

it ii 

1921 

608 

27 

Texas 

Texas 

Not given 

1919 

659 

33 

New Orleans, La. 

New Orleans, La. 

Am.-Negro 

1929 

689 

24 

New Orleans, La. 

Va. 

German-Ir. 

1918 

723 

23 

Texas 

Ind. (Chicago?) 

American 

Ab. 1919 

736 

35 

La. 

Okla. 

French 

1927 

746 

18 

Texas 

N. Y. 

Jewish 

Ab. 1919 

816 

24 

Texas 

Texas 

Mexican 

1919 

827 

27 

La. 

La. 

French 

Ab. 1923 

833 

31 

Texas 

Texas 

Irish 

Ab. 1920 

850 

31 

La. 

La. 

Am.-Negro 

1929 

931 

34 

Mississippi 

La. 

it 

1932 

965 

19 

Fla. 

Fla. 

American 

1919 

999 

41 

New Orleans, La. 

New Orleans, La. 

Irish 

1933 

1114 

38 

Texas 

Texas 

Mexican 

Ab. 1934 

1172 

35 

Fla. 

Fla. 

Irish 

Ab. 1930 

1319 

41 

Texas 

Texas 

CC 

1937 

1041 

20 

Mississippi 

Ark. (Okla.?) 

Ir.-Dutch 

Ab. 1919 

1314 

27 

La. Texas 

Forcign-’horn 

French 

Ab. 1930 

100 

24 

Philippines 

Mass. 

Filipino 

1918 

102 

24 

India 

Mass. 

(( 

Not given 

139 

26 

Br. Guiana 

111. 

English 

1917 

192 

22 

Puerto Rico 

N. Y. 

Puerto-Rican 

Not given 

198 

25 

Br. W. Indies 

N. Y. 

English 

1920 

225 

22 

W. Indies 

Va. 

Not given 

1919 

294 

26 

Bahamas 

Neb. 

English 

1922 

301 

27 

Philippines 

Maryland 

Filipino 

1923 

311 

22 

Virgin Islands 

Va. 

Negro 

1923 

401 

26 

Greece 

N. Y. 

Greek 

Ab. 1917 

579 

33 

Italy 

N. Y. 

Italian 

1922 

727 

27 

Br. W. Indies 

N. Y. 

Port.-Eng. 

Ab. 1919 

732 

44 

Philippines 

Calif. 

Filipino 

(( 

Ab. 1929 

733 

28 

Philippines 

Calif. 

1925 

741 

37 

Philippines 

Calif. 

l{ 

Ab. 1928 

893 

39 

Philippines 

Wash. 

<( 

1932 

899 

24 

Greece 

Calif. 

Greek 

1918 

ld20 39 

* National Leprosarium. 

Philippines 

N. Y. 

Filipino 

1938 
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represent the periods during ivhich they 
were in countries, particularly the Philip- 
pines, which are knomi as foci of the 
disease. No data are available on length 
or intimacy of exposure, but military life 
bj" its very nature is not conducive to 
living conditions ordinarily interpreted as 
those of the “prolonged and intimate 
exposure” associated with lepros3^ 


served in foreign foci. It thus would 
appear that a small outbreak of leprosy 
occurred in native-born Americans which 
can be attributed to exposure to the 
disease in foreign foci in the course of 
service in the Spanish-American War. 
The usual limited numbers arising from 
exposure in domestic areas are in addition. 

Of the veterans of World War I who 


Table 3. — Lepbosy. World Wab II Veterans 
Native-born 


Case 

No. 

Age 

1st symp. 

Place of birth 

1 


New Orleans, La. 

2 

. . 

Calif. 

3 

22 

Texas 

4 

16 

Calif. 

5 

33 

New Orleans, La. 

6 

24 

Illinois 

7 

23 

Calif. 

8 


Texas 

9 

2S 

La. 

10 

26 

Texas 

11 

30 

Texas 

12 


Fora] 

Mexico 

13 


Philippines 

14 

26 


IS 


(( 

16 

36 

Mexico 

17 

39 

Philippines 

18 


Puerto Rico 

19 

31 

Philippines 

20 

18 

Honolulu 

21 

27 

Br. Guiana 


Date 


Descent 

Ist symp. 

American 

1942 

Japanese 

1941 

Mexican 

1941 

American 

1937 

“ 

1941 

Jewish 

1943 

Japanese 

1943 

Me.xican 

1944 

American 

1944 

Mexican 

Ab. 1944 

American 

1941 

a 

Me.xican 

Not given 

Filipino 

Ab. 1938 

it 

Ab. 1929 

u 

Ab. 1941 

Me.xican 

Not given 

Filipino 

if it 

Puerto-Rican 

« « 

Filipino 

« (t 

Hawaiian-Chinese 

Ab. 1943 


Not given 


Table 4.- 

^I/EPiJOsy. Spanish- American 
Duration 

C&se 

Place of 

of stay 

No. 

birth 

in focus 

2S0 

Germany 

9 mo. 

907 

Iowa 

1 3W. 

389 

Iowa 

2 yrs. 

484 

Ky. 

2 " 

1330 

Mich. 

2 “ 

1376 

Mo. 

2 “ 

250 

Ala. 

2J “ 

774 

Ga. 

2| “ 

641 

Indiana 

3 “ 


Of the Spanish-American War veterans 
who were born in foci of the disease in 
this country, the first 2 developed the 
disease in 1907 and 1913 respectit elj , ha 
no record of ioreign sertnce, and therefore 
may be assumed to have contracted the 
infection as the result of exposure where 
they lived. The other 4 patients came 
from domestic foci of the disease and also 


Veterans — Periods of Probable Exposure 


Case 

Place of 

Duration 
of stay 

No. 

birth 

in focus 

1057 

Russia 

3 JTS. 

16 (306L) 

N. C. 

5 “ 

433 

R. I. 

12 “ 

176 

Penna. 

10 “ 

292 

Bohemia 

17 “ 

364 

Ireland 

18 “ 

961 

Ohio 

18 " 

1290 

Va. 

25 “ 

1009 

Penna. 

32 “ 


have developed leprosy, all were born in 
foci of the disease in this country, and in 
contrast m'th those of the Spanish-Ameri- 
can War, either developed the disease 
Avithin a relatively few years of World 
War I, or already had the infection on 
entrance into military scrnce. There is 
therefore no suggestion that their military 
serrace (in theaters of war not foci of 
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leprosy) is in any way connected with the 
development of the disease. 

The situation at the present time in 
respect to veterans of World War II is 
similar. Eleven cases have oecurred, or 
existed before entrance into military 
service, in native-born persons. All but 
1, to be diseussed later, were born in foci 
of the disease in this eountry. The im- 
portant consideration epidemiologically is 
whether the future will be like that of the 
Spanish-American or of World War I. 


Cases of leprosy in the tlu’ee wars ac- 
cording to age at the development of 
symptoms are shown in Chart 2. Spanish- 
American War veterans developed the 
disease at ages ranging from 32 to 66 
3 'ears, while the age of World War I and 
World War II veterans is much jmunger, 
ranging from 16 to 42 years. These data 
bear out the suggestion derived from 
analysis of Chart 1, that veterans of the 
Spanish-American War', largelj’’ from areas 
not foci of the disease, developed their 


SPANISH-AMERICAN WAR 





Chart 1. — Leprosy in veterans of American Wars according to year of first symptoms. 
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Chart 2.-Leprosy in veter.ans of American Wars according to age at whicli first s>-mptoms occurred 
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infection -follomng initial exposure in 
adult life; while veterans of World War I 
and of World War II thus far have de- 
veloped the disease at much younger ages, 
suggesting ex-posure at correspondingly 
younger ages and in domestic foci as in- 
dicated by their place of birth. 


available. However, the racial origin 
would be e.xpected to correspond to the 
racial stocks of the majority of cases 
admitted from these foci. 

Chart 5 shows the place of birth of 
veterans of World War II who have, up 
to this time, been reported as cases of 



Regional and Racial Distribution. 
Chart 3 shows native-born Spanish-Ameri- 
can War veteran patients by place of birth 
and place from which they were admitted 
to the National Leprosarium.*^ Infor- 
mation on racial origin is available for 
relatively few. It may be pointed out that 
2 of the 3 cases born in Ohio and 1 in 
Iowa are of German descent. It is of some 
interest that 6 other cases* of German 
descent appear on the records of admis- 
sions to the National I/cprosarium from 
these and adjacent North Central states. 
No information is available on familial 
relationships. 

Veterans of World War I are similarly 
shown in Chart 4. All patients were born 
in states which are foci of the disease, 
though a number were admitted to the 
leprosarium from other localities. Infor- 
mation on the descent of relatively few is 


leprosy. Of the 3 from California, 2 are 
Japanese and 1 a native American. Of 
the 4 cases from Texas, 3 are Me.xican and 

1 American. Of the cases from Louisana, 
3 are given as American. The one patient 
born outside of known recognized foci is 
Jevdsh and from a city in Rlinois where 

2 Jewish patients born in foreign countries 
had preHously been recognized. No in- 
formation is available on relationships. 

Racial and Fajiilial. In respect to 
racial descent, IVorld W^ar II cases cor- 
respond to other admissions from the same 
areas, e.xcept that a higher proportion are 
classified as "American.” New Orleans 
has furnished in the past a number of 
cases of German descent and the name of 
the IVorld W’ar II \-eteran from New 
Orleans suggests German origin. The 
majority of patients from Louisiana have 
been French.** The name of one World War 
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II veteran from Louisiana is French, 
although listed as American. This patient 
gives a history of an uncle and 2 cousins 
with leprosy. We have in addition a 
record of another case in Louisiana of the 
same name whose father and mother both 
bear the same surname (indicating inter- 


relationship). This surname is the same 
as that of 6 cases which have occurred in 
the New Brunswick focus of leprosy. 
Incidentally 2 other World War II vet- 
erans, 1 born in the Philippines and the 
other in Hawaii, give a historj^ of leprosy 
in relatives. 
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With the passage of time, increasing 
difficulty is to be expected in establishing 
racial and familial relationships from the 
perfunctory data usually appearing on 
case histories. Wiat wth the change in 
later generations of persons of foreign 
descents to what is in essence American, 
the anglicizing of distinguishing family 
names and other such factors, the con- 
tinued study of familial relationships must 
of necessity be carried out by persons 
familiar with these factors and through 
direct interriew with the persons con- 
cerned. Leprologists have repeatedly 
emphasized the difficulty or impossibility 
of obtaining information by interview be- 
cause of reluctance to reveal information 
concerning the presence of this "unclean 
disease” in the family. On the contrarj’-, 
it has been our experience that as soon as 
it is made clear that the reason for such 
inquiry is the study of leprosy and not the 
"apprehension of lepers,” members of 
families where leprosy has occurred are 
willing and often eager to cooperate. Out 
of several hundred such families, located 
in one way or another, and approached 
ivith no authoritative introduction, only 
two have declined to answer questions 
concerning their family histories. A very 
old man, whose family had been literally 
obliterated by leprosy, eridently could not 
bring himself to talk about it. He dis- 
missed us in his liring room irith the state- 
ment that it was “a closed book” walked 
out and closed the door. The other was a 
very intelligent gentleman who did not 
hesitate to give details of his owm case but 
courteously stated that while appreciating 
the importance of the studj", he could not 
give information about his famil3"; because 


his family history contained certain things 
that he did not feel he could reveal, how- 
ever confidentially the information might 
be treated. We are inclined to believe 
those “things” were not particularly 
associated m’th the presence of leprosj" 
in the family. 

Summary and Conclusions. This study 
of the regional, racial, and familial rela- 
tionships in veterans of American wars 
suggests that in the immediate years to 
come an appreciable number of cases of 
leprosj' maj" be expected to occur among 
the veterans of World War II who served 
in theaters of operations which are foci of 
leprosj".’®'’^'* It further suggests that 
study of these cases in relation to other 
instances of Jeprosj" occurring in the United 
States, will aid in determining the relative 
value to be assigned to “prolonged and 
intimate e.xposure” and to familial sus- 
ceptibility as factors in the epidemiologj’- 
of the disease. More specifically', there 
is need for a continued study' of the leprosy 
still to develop among veterans of World 
War II. Based on e.xperience, observa- 
tions should be continued until about 
1982. 

The evidence at hand would indicate 
that in large part the circumstances 
associated mth the Spanish-American 
War will be duplicated. The history' of 
exposure will tend to be definitive rather 
than prolonged and intimate. The roster 
of patients irill not be limited to residents 
of recognized foci in the South but will 
include natives of other states. The racial 
and familial pattern will reflect the 
selectirity prei'iously' exhibited in the 
occurrence of the disease in those areas. 
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Occupational Diseases of the Skin. Bj' 
Louis Schm^artz, M.D., Med. Director, 
U. S. Public Health Sendee; Louis 
Tulipan, M.D., Clinical Prof, of Der- 
matologj'^ and Syphilology, New York 
Univ. College of Medicine; Samuel M. 
Peck, B.S., M.D., Dermato’ agist, Mt. 
Sinai Hosp., New York. 2nd ed. Pp. 
964; 146 ills.; 1 color plate. Phila.; Lea 
& Debiger, 1947. Price, S12.50. 

The first edition of this book was reviewed 
in the Aiiierical Journal of the MEnic.\L 
Sciences, 199, 572, 1940. In the present 
edition, to the original two authors a third 
has been added. Dr. Samuel Peck, former 
associate of Dr, Schwartz in the Dermatoses 
Section, United States Public Health Service, 
In his own right, Dr. Peck is an outstanding 
authority in dermatologjL 
This edition contains the best features of 
the first, plus descriptions of new chemicals, 
new methods of manufacture, manj' devel- 
oped during the war, and of new cutaneous 
hazards to workers engaged in their manu- 
facture, as well as to the public who use 
products containing these irritants. The new 
edition also shows eAddence of definite 
attempts to oi'ercome the shortcomings, few 
as the^^ were, of the original edition. All 
this has occasioned some increase in the size 
of the book ndthout, howeA'er, making it too 
large for read}' handling. 

In such a book there are bound to be some 
repetitions and minor omissions; for example, 
the patch test is described more or less along 
similar lines on pages 54 ff. and 302 ff. but 
with probabl}' some unintentional A’ariations 
in technic. Erj'sipeloid is described on pages 
619 ff. and 796 ff. Chapters II and XLVT 
could be combined with profit. On the other 
hand, there is no discussion of BAL (British 
Anti-Lendsite) for arsenical and other metal 
intoxications, nor is there any mention of . 
the use of penicillin in erA'sipeloid. Penicillin 
as an occupational hazard to physicians, 
which is omitted, should also be mentioned. 

Occupaffonal Diseases of the SJdn must be 
easilv accessible to anj’one who has anything 
to do vdth Industrial Dermatologj*, for it is 
the .American standard, authoritative, en- 


cyclopedic source book for the specialist as 
well as for all phj'sicians concerned with 
problems of the skin and industrjL 

H. B. 


BAnioACTiTO Tracers in Biologv. By 
Martin D. ICvxien, Assoc. Prof, of 
Chemistr}', Edward Mallinckrodt Inst, of 
Radiolog}', Washington UniAL, St. Louis, 
Mo. Vol. I. Pp. 281. New York: 
Academic Press, 1947. Price, S5.80. 

This most timely and informatiA'e book 
deals nitb many different aspects of bio- 
logical research Avith radioactiA'e methods, 
and constitutes an e.xcellent rcAueAv of the 
possibilities in the field. The book coA'ers 
the fundamental properties of atomic nuclei 
and the source of radioactiAdty, the produc- 
tion of radioactiA'e isotopes, the ph3’’sical 
nature of radiations from tracer atoms, the 
basic instruments necessarj' for radioactiA'e 
assaj', and the different approaches used in 
the fields of biologj', biochemistrj', and 
phj'siolog}'. 

The 3 major isotopes of biological research 
— C" and — are giA'en thorough con- 
sideration in methods of assay and apph'ca- 
tion, Ea'cr t.A'pe problems and results are 
discussed. Details of preparation and 
application of other radioactiA'e elements of 
biological importance are also reA'iewed. 
The book closes AA-ith an interesting chapter 
on radiation therapy and other medical 
applications of radioactiA'e techniques. The 
field of radioactiA-itA' as applied to biological 
research is aa-cII coA-ered, and recent dcA'clop- 
ments are often thoroughh' considered. 

I. 2. 


Methods of I'lT.Axn.v Assay. Prepared and 
edited b}' the .Association of A’itamin 
Chemists, Inc. Pp. 1S9. Ncav York; 
Interscicnce Publishers, Inc., 1947. Price, 
$3.50. 

The scope of the book is limited. Onl.v 
such methods are included as liaA'e been 
succe.=sfully applied to a A-arictA' of foods or 
other materials b.v .ecA-eral committee mem- 
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bers. Selected references to other vitamin 
methods are listed. 

There is a chapter on sampling. The 
methods given in detail concern Vitamin A, 
carotene, thiamine, riboflavin, niacin and 
ascorbic acid. 

The chapters have the following subtitles; 
Preliminary considerations (properties, etc.), 
methods available, descriptions of the best 
methods, application of methods, literature 
cited. In the descriptions of methods many 
valuable paragraphs are given concerning 
equipment, reagents and procedure. 

D. W. 


Diseases Thansaiitted Froai Animals to 
Man. By Thoaias G. Hell, Ph.D., 
Director, The Scientific Exhibit American 
Medical Association. 3rd ed. Pp. 571; 
75 ills. Springfield, 111.; Charles C. 
Thomas, 1947. Price, $10.50. 

Although much of its material is avail- 
able through other sources, this book pro- 
vides a valuable correlation between human 
diseases and those of lower forms. The 
book is well written and easily read. The 
historical backgrounds of the various dis- 
eases are excellent, and the summaries at 
the end of every chapter are useful. 

As is frequently the case where a book is 
the work of many contributors, some chap- 
ters— such as that on ornithosis— are verj’’ 
helpful; whereas others — such as that on 
fungus diseases— are mere summaries and 
of little practical A-^alue. In the present 
edition, tsutsugamushi disease, lymphocytic 
choriomeningitis, and several other diseases 
haA^e been added. Of particular value from 
a public health standpoint are the interesting 
discussions of this role played by each animal 
in the spread of disease. A. R. 


Vascular Disorders of the Limbs. By 
Sir Thoaias Leavis, C.B.E., F.R.S., M.D., 
D.Sc., LL.D., F.R.C.P., Physician-in- 
Charge of Department of Clinical Re- 
search, Hniv. College Hosp., London. 
2nd ed. Pp. llS, Neiv York: Macmillan, 
1946. Price, $2.25. 

^ This edition of Lewis' book includes addi- 
tions to the chapter on therapy of peripheral 
arteriosclerosis and thromboangiitis obliter- 
ans. A chapter on arteriovenous fistulse has 
been added, and Raynaud’s phenomenon is 


discussed at greater length. Lewis’ descrip- 
tion of his technique of studying patients 
with peripheral vascular diseases makes this 
book of fundamental importance to all Avho 
are interested in the pathologic physiology of 
the peripheral blood-vessels. Curiously, de- 
spite the title, there is nothing on the com- 
mon diseases of the veins. M. N. 


Practical Anesthetics. By J. Ross Mac- 
kenzie, Univ. of Aberdeen. 2nd ed. Pp. 
172; 71 ills. Baltimore and London; The 
Williams & Wilkins Co., 1946. Price, 
$3.00. 

This simple text has been revised through- 
out. The pre-anesthetic examination is de- 
scribed in more detail and a rational approach 
to premedication of the patient on a metabolic 
basis is given. There is additional informa- 
tion on trilene for anesthesia. The chapter 
on intravenous anesthesia has been enlarged 
and a section on brachial plexus block added. 
The value of this text is questionable. There 
is little physiology or pharmacologjL The 
volume is too scant in coverage to be helpful. 
It must be admitted, however, that this edi- 
tion is vastly improved over the 1st. 

R. D. 


Roentgen Interpretation. By George 
W. Holaies, M.D., Board of Consultation, 
Massachusetts General Hospital; Clinical 
Professor of Roentgenology, Emeritus, 
Harvard Medical School; and Laurence 
L. Robbins, M;D., Radiologist-in-Chief, 
Massachusetts General Hospital. 7th ed. 
pp. 398; 266 ills. Phila.; Lea & Febiger, 
1947. Price, $7.00. 

This book has become a standard text 
for those who teach radiology to medical 
students. Likewise, it is a small text that 
is used by many radiologists. The authors, 
in an admirable wa}', have brought the 
subject of radiolog 3 f up to date. 

In spite of the difficultj’' of getting paper 
these daj’S, the publishers used a good calen- 
dered paper, resulting in good Roentgen 
illustrations. The print is ver^'- ea^’’ to read, 
and the composition of the book is agreeable 
to the eyes. This is the t 3 ’-pe of book that 
should be on the shelf of ever 3 ’one interested 
in radiolog 3 ’- and medicine in general. 

E. P. 
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The Medical Clinics of North Asibrica. 
Philadelphia No. Pp. 282; 24 ills. Phila- 
delphia; W. B. Saunders, 1946. Price, 
$16.00 a year. 

This number is divided into 2 major 
sections: The first portion is a s 3 'mposium 
on the treatment of common cardiovascular 
conditions. It is a concise, specific reriev 
of current trends, in the therapy of such 
disorders as bacterial endocarditis, coronary 
artery disease, congestive heart failure, and 
even pulmonary emboh'sm and peripheral 
A'ascular disease. 

The second half is a timelj' sj^mposium 
on clinical pathology, including the signifi- 
cance of laboratorj' methods in the diagnosis 
of syphilis, anemias of childhood, hemor- 
rhagic diseases, bunphadenopathies, bron- 
chogenic carcinoma, and hepatic dj'sfunction. 

W. J. 


Lehrbtjch der Gtnaekologischen Diag- 
NOSTiK. Bj’- Dr. W. Neotveiler. Pp. 
474; 406 ills., 16 in color. Berne: Hans 
Huber, 1946. Price, Schw. Fr. 58. 

This book contains 2 principal sections. 
The first describes the technique of g 3 meco- 
logic historj'-taking and e.\amination. The 
second, and much the longer section, dis- 
cusses the phj'sical findings and diagnosis of 
the pathologic disorders that may arise in the 
female genital organs. Functional disorders 
are not included, e.\'cept for brief chapters on 
certain aspects of sterility, and on pelric pain 
of e.xtragenital origin. 

The section on technique is welt done, 
but offers little that is not already recog- 
nized as standard practice in this countiyL 
American gjmecologists will probabty take 
e.xception to the author’s recommendation of 
laminaria tents, long outmoded here, for 
dilating the cervix preliminarj' to punch- 
biops}' or curette-biopsj' of the endometrium. 

Jluch the more valuable part of the book 
is the section on patholog}'. This is pro- 
fusely and, in general, well illustrated with 
photographs of the lesions under discussion, 
including a number of e.\'cellent color prints. 
Under the circumstances, it is unfortunate 
that the quality of paper on which they have 
been reproduce could not be better. 

The book will be of particular value to 
gj-nccologist?, but can be recommended to 
all diagnosticians whose work touches this 
field. C. B. 


Htpojietabolism. a Clinical Study of 308 
Consecutive Cases. B}^ Esben Kirk, 
M.D., Holstebro District Hospital, and 
Ston Ancher Kvorning, M.D., Univ. 
of Copenhagen. Pp. 40; 4 figs.; 13 tables. 
Cope^agen; Einar Munksgaard, 1946. 
Price, Dan. Cr. 7.25. 

This is a small brochure giiing a detailed 
clinical study of 308 cases of “ly^pometabo- 
lism” admitted to the Medical Department 
of the Holstebro District Hospital in Den- 
mark. Exhaustive analj’ses of sjunpioms 
presented in the form of tables are given, 
together with a chapter dealing with the 
effect of th}Toid administration in this con- 
dition. The brochure should be of interest 
to the specialist. W. S. 


Dentistry, An Agency of Health Ser- 

ncE . B}"- Malcolm Wallace Carr, 

D.D.S., and 19 Contributors. Pp. 210. 

New York: Commonwealth Fund, 1946. 

Price, $1.50. 

This comprehensive reriew of Dentistry* 
in the United States emphasizes Dentisti^'’s 
position as a health sendee profession and 
points out the manj' interrelationships be- 
tween Dentistrj' and Medicine and the posi- 
tion of these professions in the changing 
social order. Public Health and social work- 
ers who desire a comprehensive oveniew of 
Dentistr)' will find the Summary and Con- 
clusion chapter e.xtremety valuable. 

The chapter on Hospital Dental Sendee 
is particular!}' informative. Carr empha- 
sizes the important position of Dentistiy as 
one of the essential hospital health sendees. 
These dental sendees include: care of the 
hospital patient in whom, oral infection may 
be an etiologic or aggravating factor in sys- 
temic disease, emergency dental or surgical 
treatment for reliefof pain, and the care of 
the ambulator,' patient referred from the 
other out-patient clinics. 

Regular dental e.xamination immediately 
after admission is particularly desirable. 
Routine oral hygiene care for the hospital 
patient can be done largely by the dental 
hygienist under supendsion. Special oral 
hvgiene sendee should be administered be- 
fore operation for all surgical patients and 
antepartum patients. The hygienic state of 
the mouth of the .surgeon, nurses, and interns 
is also important. 

Since oral health scridce occupies a stra- 
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tegic position in the practice of medicine and 
surgery, a dental representative should be 
on the medical board. According to Carr, 
medical faculties and staffs are too frequently 
indifferent to the principles of oral pathology 
as related to systemic disease and the clinical 
aspects of diseases of the mouth. 

The New York Academy of Medicine 
should be complimented for their sponsor- 
ship of this volume and their recognition of 
Dentistry as one of the health service pro- 
fessions. b. B. 


The Problem of Fertility. Edited by 
Earl T. Engle. Pp. 254. Princeton TJniv. 
Press, 1946. Price, $3.75. 

This small volume contains a collection 
of 16 papers presented and discussed at the 
February 1946 Conference on Fertility of the 
National Committee on Maternal Health. 
The papers represent recent studies of ovula- 
tion and spermatozoal physiology in various 
animals by authorities in the field of animal 
husbandry. As the discussions are contrib- 
uted by recognized students of human fer- 
tility, unique and stimulating views of 
related aspects of a common problem are 
achieved. C. B. 


The Personality of the Preschool Child. 
By Werner Wolff, Ph.D., Professor of 
Psychology, Bard College. Foreword by 
Mary Fisher, Ph.D., Chairman, Dept, 
of Child Study, Vassar College. Pp. 241 ; 
118 figs. New York: Grune & Stratton, 
19413. Price, $5.00. 

This study in the realm of “depth psy- 
chology of childhood,” is by a pioneer, and, 
though the subject remains largely in the 
experimental and controversial stage, the 
work is stimulating. Insisting the child 
must not be judged by adult standards, that 
the beharnoristic and analytic schools do not 
offer the best methods of approach, the 
UTiter considers “The Child’s Search for 
His Self,” under the headings of Observation, 
Experunentation and Theor 3 L 
The chapters are: The Mind of Child and 
Adult; The Emotion of Child and Adult; 
The First Characteristics of Social Life; The 
Child’s Concept of Realitjq The Pre.school 
Child as an Indmdual; The Child’s Feeling 
of Securitj'; Intelligence in the Pre.«chool 
Child; Projective hlethods for Expressive 
Bcharnor of Preschool Children; Principles 


of Children’s Art; Child and Adult: The 
Educational Bridge Between Two Worlds; 
Methods in Child Psychology. 

The children of this study were from 3 to 
5 years old. Much importance is attached 
to measuring the subject’s degree of con- 
figuration or rhythmization, his rhythmic 
quotient, or R.Q. • A child was asked to 
draw the picture of a man. Numerous meas- 
urements were made in the 3 parts, head, 
trunk and legs. Working then with the 
number of proportions and the given ele- 
ments, by a method that would require a 
long detailed explanation, the end result is 
the child’s R.Q. The I.Q. and R.Q. are not 
necessarily in agreement. But, “If the de- 
gree of I.Q. is similar to that of R.Q., this 
seems to indicate a unified pattern of per- 
sonality.” 

The ivriter endeavors to support his 
theories liy citing 2 historic characters; 
Dostoevski, an epileptic, whose seizures 
were attended by an enormous extension of 
his ego— time and space were greatly ex- 
panded. And Rousseau, whose childhood 
punishment led to perverted sexuality, 

N. Y. 


The Essentials of Obstetrics and Gyne- 
cology. By William Albert Scott and 
H. Brookfield Van Wyck, University of 
Toronto. Pp. 390; 126 ills. Philadelphia: 
Lea & Febiger, 1946. Price, $5.50. 

This attractively published book is an 
attempt to bridge the gap beWeen student 
manuals of Obstetrics and Gynecology on 
the one hand, and textbooks on the other. 
It aims to compress the presentation of the 
subject into a brief treatise without resort 
to the sketchj' outlines common to the 
crammer’s compendiums. 

There is a real need for such an introduc- 
tory treatise of obstetrics and gynecology, 
but the writing of it must ine^^tabIy present 
many difficulties. The authors of this book 
have succeeded admirably in covering the 
practical aspects of the subject. In the 
Rewewer's opinion, however, it is to be 
doubted whether emphasis on practical as- 
pects provides the ideal approach for the 
medical student in his introduction to this 
field. For example, the authors might well 
have omitted discussions of various forms of 
obstetric analgesia in favor of a fuller dis- 
cussion of the phj'siologi' of pregnancj'. 
Similar contrasts might be cited, togethW 
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with a failure to “orient” the beginner on 
the relation of his new field to the disciplines 
with which he has alreadj^ been made fam- 
iliar, and to the field of medicine in general. 

The book is beautifully illustrated, but 
here again, the teachers who scan it will note 
that the problems illustrated are too fre- 
quently those which would interest the 
practitioner or advanced student, rather 
than those in which the neophyte needs 
"VTSual aids. C. B. 


What Is Heart Disease. By William 
Htatt Gordon, Head of the Medical 
Section, Lubbock Memorial Hospital and 
Clinic, Lubbock, Texas. Pp. 114; 10 figs. 
New York: Grune & Stratton, 1946. 
Price, S2.50. 

This small book describes simply, briefly 
and clearly the anatom 3 f and function of the 
normal heart, and the abnormalities that 
develop as the result of the various common 
types of heart disease. The principles of 
treatment are explained. It is well suited to 
educate the patient who has or thinks he 
has heart disease. C. K. 


Gastroenterologt in General Practice. 
Bj’- Lotus Pelner, M.D., Associate At- 
tending Phj^sician, Greenpoint Hospital; 
Associate Visiting Phj'sician, Brookl.TO 
Cancer Institute; Adjunct Phj'sician, Beth 
Moses Hospital, Brookljm, N. Y. Pp. 
2S5; 108 figs. Springfield, 111.: Charles C. 
Thomas, 1946. Price, S7.50. 

This is an up-to-date, abbreviated text- 
book on clinical gastroenterologj' for the 
practitioner and the student. It is written 
in a simple, terse style and is exceedingly 
well illustrated. In covering the more im- 
portant aspects of his subject, the author 
has made use of tables, diagrams, diet lists, 
differential diagnosis charts and roentgeno- 
logic illustrations in such fashion as to cover 
a mass of data in a short space. He has 
assembled the current opinions of the lead- 
er-- in the field of gastroenterologj- and has 
wusely chosen to present both sides of con- 
troversial issues. Some interesting chapters 
on the psj-chosomatic aspects of gastro- 
intestinal disease again remind us of the 
importance of this phase of medicine. He 
has also included sections on bilian' and pan- 
creatic disease and his diagrammatic repre- 


sentation of the pathologic ph 3 'siolog}' of 
jaundice is particularty commendable. It 
should be pointed out, however, that the 
effectiveness of methionine in liver disease, 
though apparently proven in the e.xperi- 
mental animal and readilj’- accepted b 3 " Dr. 
Pelner, has not 3 "et been demonstrated in 
man. S. L. 


Outline of the Spinal Ner’I'es. 63^ John 
Favill, A.B., M.D., F.A.C.P., Clinical 
Professor of Neurolog}--, University of 
Illinois College of Medicine. Pp. 191; 
26 figs. Springfield, 111.: Charles C. 
Thomas, 1946. Price, S3.75. 

The first 4 parts of this book are an at- 
tempt to make available, in compact form, 
full information on motor function and neu- 
rologic anatysis of roots, ner\'es, muscles and 
movements. These sections of the book 
are titled successively: I. Roots-Nerves- 
Muscles, II. Nerves-Muscles-Roots, III. 
Muscles-Roots-Nerves, W. ' Movements- 
Muscles-Nen-es-Roots, so that it is possible, 
given a disability occurring at any point in 
the final common pathwa 3 ', to ana^-ze it 
nith respect to the related elements of 
innervation. Clinical relationships are given 
briefly in Part II. 

The book contains, in addition, supple- 
menfar 3 ' material on spinal plexuses, elec- 
trical testing, causalgia, neuritis, low back 
pain and muscle disorders. Charts on seg- 
mental and peripheral sensor 3 ’' innervation 
are included. 

The book presents in readily available 
form a mass of neurologic and anatomic data 
which cannot be satisfactoril 3 ' found in an 3 ' 
other single source. Its usefulness to the 
clinician grows with usage. J. W. 


Miutary Neuropstchlatry. The XXV 
Volume of the Association for Research in 
Nervous and Mental Disease. Edited by 
Franklin G. Eb.augh, Harry C. Solo- 
mon, hl.D., Thom-as E. Mujiford, Jr., 
il.D., with 47 Contributors. Pp. 366; 34 
ills.; 48 tables. Baltimore: Williams 
& Wilkins, 1946. Price, 86.00. 

In this stud}- there is strict adherence to 
the original plan of discussing but 1 subject. 
Among the more important chapters are: 
Changing Concepts of PsA’choneurosis in 
Relation to Militar}- PsA'chiatr}-. Neurotic 
Reactions in PsA'chopaths (Hystcro-rvfal- 
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ingering) . Psychiatric Contrasts in the Two 
World Wars. Emotional Problems of De- 
mobihzation. The Problem of the Dis- 
charged Neuropsychiatric Patient. Con- 
cerning Combat Exhaustion. The Impor- 
tance of the Emotional Outlet in Psycho- 
therapy. Psychopathology and Group Ther- 
apy. Psychotherapy in a Convalescent 
Naval Hospital. The Therapeutic Role of 
Drugs in the Process of Repression, Disso- 
ciation and Synthesis. The Electroenceph- 
alogram in War Wounds of the Brain: with 
Particular Reference to Post-traumatic Epi- 
lepsy. Neuropsychiatric Problems of the 
Veterans Administration. Psychiatric Re- 
habilitation in Industry. Personality and 
Psychosomatic Disturbances in Patients on 
Medical and Surgical Wards: A Survey of 
450 Admissions. The Development of 
Group Psychotherapy in Military Setting. 
Modification of the Rorschach Method for 
Large Scale Investigations. 

After hysterical manifestations were care- 
fully excluded, malingering was mostly an 
effort of the psychopath. Mer one’s Psycho- 
drama, a group therapy agent, was helpful 
in the psychiatric convalescent hospital. 
The tedious Rorschach test was provided 
with a short-cut, by projecting the inkblots 
as colored slides on a screen; negativistic sub- 
jects, unable to do themselves justice under 
the individual test, often felt free to write 
dowa their descriptions. A subject accorded 
much discussion was fatigue, and results 
obtained at the Swarthmore Convalescent 
Annex of the Philadelphia Naval Hospital, 
were gi-atifying. There, much work is done 
in a very complete photographic laboratory, 
in the assembling and tearing down of 
motors, carpentering, etc. Needless to say 
the Weir MitcheU rest cure is no longer em- 
ployed. This book is valuable for perma- 
nent reference, and contains many case 
studies, with thorough analyses of important 
neuropsychiatric problems. N. Y. 

Parenteral Aluientation in Surgert, 
With Special Reference to Proteins 
AND Amino Acids. By Robert Elman, 
M.D., Associate Professor of Clinical 
Surgery, Washington Universitj'- School of 
Medicine, St. Louis, Mo. Pp. 284; 31 figs.; 
20 tables. New York: Paul B. Hoeber, 
1947. Price, 84.50. 

The title does Dr. Elman injustice, for 
he has presented a comprehensive review of 


the deficits which result from the inability 
to ingest adequate food, of the indications 
for the parenteral administration of various 
nutritional substances and the physiologic 
results of their administration. This is a 
work which should be helpful to everyone 
interested in nutrition and of considerable 
value to all clinicians. 

In spite of the author’s primary interest 
in parenteral feeding, to which field he him- 
self has made important contributions, he 
has retained his good clinical judgment and 
warned those of us who may have become 
too enthusiastic about this method of sup- 
plying nutritive elements to our patients 
that “ Parenteral alimentation should always 
be considered as a temporary expedient dur- 
ing the course of surgical care, designed to 
lead as rapidly as possible to' a condition in 
which the patient can take the required fluid 
and food elements by mouth.” 

One of the greatest values in a monograph 
of this type is to make evident the limitations 
of our knowledge of the field. Undoubtedly 
there will be those who wiU be stimulated to 
explore further in an attempt to solve the 
many problems of nutrition which are 
presented but not yet solved. 

The Reviewer recommends this monograph 
highly. 1. R. 


Modern Dermatology and Syphilology. 
By S. William Becker, Clinical Professor 
of Dermatology, University of Chicago, 
and Maxijulian E. Obermaybr, Clinical 
Professor and Chairman, Department of 
Dermatology, University of Southern 
Cahfornia. 2nd ed. Pp. 1017; 461 ills.; 
17 full color plates. Philadelphia; J. B. 
Lippincott, 1947. Price, 818.00. 

In the 1st edition of this volume (1940) 
an attempt was made to produce a modern 
text oh Dermatology and Syphilology which 
would be especially useful not only to under- 
graduate medical student and practitioner 
but also to postgraduate students and spe- 
cialists. Innovations in style of presenta- 
tion, arrangement, and a special feature of 
explanatory material at the beginning of 
each chapter under the heading, “Orienta- 
tion,” made the 1st edition of this book a 
unique contribution. 

Tiiis 2nd edition, in general, continues 
the original program. It is a rather cumber- 
some volume physically, a fact which belies 
the informal nresentation of the material it 
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contains. It is printed in easj'-to-read type 
in double columns, and is properly' illus- 
trated with usually excellent photographs in 
black and white, or in color (painted), (The 
only real exception is a copied illustration 
which is poorl}' reproduced, Figure 284-A. 
The original from which' it is taken is good.) 
Several of the colored illustrations are from 
commercial brochures. Aside from their 
excellence, they suggest the prominent role 
the pharmaceutical houses are playing in 
medical research and teaching. 

The bibliography is useful, well arranged 
and selected. Most of the titles are in 
English. 

Certain sections are e.\-ceptionall 3 ' well 
prepared, reflecting the special interests of 
the authors, viz : Pigmentation, Lupus 
Erythematosus'; Leprosj'; Neurodermatoses 
and Tropical Diseases. Syphilis, on the 
other -hand, is presented on the whole in a 
conventional manner. 

There are but feu- criticisms one might 
make of this edition of Becker and Ober- 
mayer’s text. It is desirable to point out 
that commercial pharmaceutical prepara- 
tions are given undue recommendation for 
various dermatoses on the one hand, and 
others now in fashion are omitted, such as 
the so-called "antihistamine” drugs (Bena- 
drj'l and PjTibenzamine). This maj' be due 
to the fact that at the time of publication, 
these preparations were not sufiicienth' 
evaluated to be incorporated. IPhile ade- 
quate warning is issued relative to the 
dangers of sulfonamides locally, the same is 
not true of local penicillin therapy. It is 
not entirely advisable at the present to 
recommend Acetarsone for any form of 
sjqjhilis. Verification tests for diagnosis of 
syphilis are given too much space, since 
they have proven of little or no value at 
the hands of competent investigators. 

The Reviewer unhesitating!}' recommends 
this book. H- B* 


Heparin in the Tkeatjie.vt of Throm- 
bosis. Bv J. Eiuk Jorfes, AI.D,, Reader 
in Bioch^tiy, The Caroline Institute, 
Stockholm, Sweden, 2nd ed. Pp. 260; 
24 ills. New York and London: Oxford 
Univ. Press, 1946. Price, S6.o0. 

The first edition of this monograph ap- 
peared in 1939 before purified heparin was 
available in quantity and at the more reason- 
able price of today. It was being used clini- 


cally to a limited extent. The present 
edition has a valuable review of the discov- 
ery and chemical characteristics of heparin, 
but the larger portion of the monograph is 
concerned with heparin in the prevention 
and treatment of thrombosis. 

The occurrence of fatal embolism following 
operation would seem to be lower in this 
country than abroad, according to the figures 
given. At the Mayo Clinic fatal embolism 
occurred in about 1 in 800 operations, at 
the Hospital of the University of Penn- 
^’Ivania in about 1 in 1200. The figures 
were from a veiy' large series of patients in 
each ch’nic but include all major operations, 
■n’hereas Dr. Jorpes's data are for abdominal 
operations. In 302 abdominal operations 
there were 9 instances of embolism in 
Crafoord’s series. In another reported series 
of patients untreated with heparin a mor- 
tah't}' of 10 patients in 1254 cases seems 
high. This is contrasted with 1266 heparin- 
treated patients with 5 deaths. For an 
over-all figure the author states “until re- 
cently there occurred 1 death from thrombo- 
emboh'sm in eveiy 400 operations." 

Your Ren'ewer feels he should sound a 
warning against the enthusiasm e,\'pressed 
for heparin as a preventii'e and therapeutic 
agent in all instances of tbrombo-embolism. 

If there are free clots in the veins as occurs 
in phlebotbrombosis, heparin may not pre- 
vent embolus, and it is the Ren'ewer’s opin- 
ion that ligation should be re-sorted to. 
Preoperative ligation in certain selected 
cases is a safer prophylactic measure than 
heparin and less costly. Early ambulation 
may not reduce the incidence of thrombosis, 
but it has reduced the incidence of fatal 
embolism. Heparin or heparin and dicou- 
marol arc useful in some cases, but the 
surgeon’s treatment of each indiridual pa- 
tient should depend upon his e.vperiencc and 
knowledge. No one method now has uni- 
versal application. 

The monograph supports the thesi.s that 
once incipient thrombosis has occurred, it is 
easily diagnosed and that then this condition 
may be “successfully treated a-itb heparin.” 

A categorical statement of this h-pe is in 
the Reviewer’s opinion not justified. No 
method now available is universally appli- 
cable. The volume Ls interesting and helpful 
in many ways and will a.ssist in further fnr- 
mulatinc more definite plans of action, ft 
is not the hast word on the subject. 

I. R. 
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An Approach to Social Medicine. By John 
Kershaw, M.D. (Lond.), D.P.H., Medical 
Officer of Health, Accrington. Pp. 329. 
Balt.: Williams & Wilkins, 1946. Price, 
$4.50. 

Proceedings of the 11th Annual Convention of 
the National Gastroenterological Association. 
Held in New York, June, 1946. Edited by 
Samuel Weiss, M.D., F.A.C.P., D.Sc. 
Pp. 187; ills. New York: Medical 
Authors' Pub. Co., 1947. Price, $2.50. 
Rocky Mountain Conference on Infantile 
Paralysis. By Various Authors. Intro- 
duced by James J. Waring, M.D. ■ Pp. 
199; ills. Denver: . ITniv. of Colorado, 
School of Medicine and Hospitals, 1946. 

• No price given. 

The Pathology of Traumatic Injury. A 
General Review. By James V. Wilson, 
M.D., M.R.C.P. Lond., Pathologist to 
Harrogate and District General Hosp., 
and Royal Bath Hosp., etc., D.A.D.P., 
Malta Command, 1940-1943. Pp. 192; 
61 ills. Balt.: Williams & Wilkins, 1946. 
Price, $6.00. 

The Causation of Appendicitis. By A. 
Rbndle Short, M.D., B.S., B.Sc., 
P.R.C.S., Prof, of Surgery, Univ. of 
Bristol/ Pp. 79; 4 figs. Balti.: Williams 
& Wilkins, 1946. Price, $2.50. 

The Diagnosis and Treatment of Diarrheal 
Diseases. By William Z. Fradkin, A.B., 
M.D., Physician-in-Charge of Colitis 
Clinic, Jewish Hosp. of Brooklyn. Pp. 
254; 113 ills. New York: Grune & 
Stratton, 1947. Price, $6.00. 

Medical Addenda. Related Essays on Medi- 
cine and the Changing Order. The New 
York Academy of Medicine. Pp. 156. 
New York: Commonwealth Fund, 1947. 
Price, $1.75. 

Dermatologic Clues to Internal Disease. By 
Howard T. Behrsun, M.D., Ass’t. 
Clinical Prof, of Dermatology, New York 
Univ. Pp. 165. New York: Grune & 
Stratton, 1947. Price, $5.00. 

Methods of Diagnosis. By Logan Clenden- 
ING, M.D., F.A.C.P., Late Prof, of Clinical 
Medicine and Histor}’^ of Medicine, Univ. 
of Kansas, and Edward H. Hashinger, 
!M.D., r.A.C.P., Prof, of Clinical Medicine. 
Pp.SOS; 143 ills. St. Louis: C.V.Mosbj^ 
1947. Price, $12.50. 


U7 

Paravertebral Block in Diagnosis, Prognosis, 
and Therapy. Minor Sympathetic Surgery. 
By Felix Mandl, M.D., F.I.C.S., Prof, 
of Surgery, Hadassah Univ. Hosp., Jeru- 
salem. Translated by Gertrude Kall- 
NER, M.D., Foreword by Max Thorek, 
M.D., F.I.C.S. Pp. 330; 19 figs. New 
York: Grune & Stratton, 1947. Price, 
$6.50. 

La Douleur. Par le Dr. Paul Chauchard, 
Director adjoint a I'Ecole paratique des 
Hautes Etudes. Pp. 126; 10 figs. Paris: 
Presses Universitares de France, 1947. 
Price not given. 

Atlas of Cardiovascular Diseases. Correlation 
of Clinical Electrocardiography and Cardiac 
Roentgenology with Clinical History and 
Autopsy Findings. By Irving J. Treiger, 
M.D., Ass’t Prof, of Medicine, Univ. of 
Illinois. Pp>. 180; 244 iUs., 11 in color. 
St. Louis: C. V. Mosby, 1947. Price, 
$ 10 . 00 . 

A Bibliographic Classification. By Henry 
Evelyn Bliss. In 4 vols. Vol. 2. Pp. 
334. New York: H. W. Wilson, 1947. 
Price, $7.50. 

Studies on the Influenza A-Epidemic of 
January-March, 1941 at Groningen (Hol- 
land). By J. A. R. Van Bruggen, M.D., 
et al. VII. Institute of Preventive Medi- 
cine in Leyden. Pp. 64; 26 ills. Leiden: 
H. E. Stenfert, 1947. Price, $2.00. 

The interesting results of the work of a team of 
Dutch medical men. 


NEW EDITIONS 

The Chemical Composition of Foods. By 
R. A. McCancb and E. M. Widdowson. 
2nd ed. Pp. 156. Brooklyn, N. Y.: 
Chemical Publishing Co., 1947. Price, 
$3.75. 

Chemistry and Methods of Enzymes. By 
James B. Sumner, Prof, of Biochemistry, 
Cornell Univ., and G. Fred Somers, Plant 
Physiologist, U. S. Plant, Soil and Nutri- 
tion Laboratory, Ithaca. 2nd ed. Pp. 
415. New York: Academic Press, 1947. 
Price, $6.50. 

Textbook of Physiology. Bj-- William D. 
Zoethout, Ph.D., and W. W. Tuttle, 
Ph.D. 9th ed. Pp. 723; 304 ills.; 6 color 
plates. ‘St. Louis: C. V. Mosby, 1946. 
Price, $4.75. 
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Medical Disorders of the Locomotor System, 
Iiiclnding the Rheumatic Diseases. Bj' 
Ernest Fletcher, M.A., M.D. (Cantab.), 
M.R.C.P., of the Eo3'aI Free Hosp., etc. 
Pp. 625; 2G2 ills.; 2 color plates. Balt, 
and London: Williams & Wilkins, 1947. 
Price, .Sll.OO. 

A Mamial of Fractures and Dislocations. Bj' 
Barb.a,ea Bartlett Stimson, A.B., M.D., 
Med. Sc.D., F.A.C.S., . Ass’t Prof, of 
Clinical Orthopedic Surgerj’’, College of 
Phj'sicians and Surgeons, Columbia Univ. 
2nd ed. Pp. 233; 98 ills. Phila.: Lea & 
Febiger, 1947. Price, $3.25. 

Diseases of the Nervous System. Described 
for Practitioners and Students. B}' F. M. 
R. Walshe, ALD., D.Sc., F.R.C.P. 
(Lond.), Phj’sician in Charge Neurological 
Dept., Univ. College Hosp., London, etc. 
5th ed. Pp. 351; 59 ills. Balt.: Williams 
& Wilkins, 1947. Price, S4.50. 


A Handbook on Diseases of Children, Includ- 
ing Dietetics and The Common Fevers. 
B3^ Bruce Williamson, M.D. (Edin)., 
F.R.C.P. Lond. 5th ed. Pp. 408; 83 ills. 
Balt.: Williams & Wilkins, 1947. Price, 
S4.50. 

Microbial Antagonisms and Antibiotic Sub- 
stances. B3' Selma A. Waks.tu..n. 2nd 
ed. Pp. 415; 34 figs.; 52 tables. New 
York: Commonwealth Fund, 1947. Price, 
$4.00. 

This book has the same number of chapters 
with the same headings as in the first edition. 
The subject matter has been somewliat revised 
but mainly new material has been added. Dr. 
tVaksman has added the important material on 
the antibiotics which has been published since 
1945, especially material on streptomycin and 
penicillin. This edition is larger by 05 pages and 
the bibliography contains over 1053 references. 
The book is enhanced in value and still remains 
a basic text for those Interested in antibiotics. 

H. M. 
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(From Medical Service B, City and County 

The purpose of this paper is to sum- 
marize the results achieved in using 4- 
methyl-2-thiouracil in the treatment of 
61 cases of thyrotoxicosis and to report 
the results of maintenance therapy with 
the same drug. 

Since Astwood^ in 1943 published the 
first reports on the use of thiourea in 
thyrotoxicosis many attempts have been 
made to synthesize a potent and at the 
same time a non-toxic drug. The ideal 
preparation is yet to be found. Methyl- 
thiouracil is a Danish contribution to the 
search for such a drug and was suggested 
by Prof. K. A. Jensen of the University 
of Copenhagen in 1944, and has been used 
clinically in Denmark, on a rather large 
scale, ever since. Coincidentally, Chap- 
man,® and O’Donovan,” in England, were 
trying the same compound but without 
knowledge of the Danish experiments 
because of war conditions. There are 
onl}" a few reports from England upon its 
clinical value. In Sweden and Norway 
methylthiouracil has been used to some 
extent. 

The e.xperimental work has been done 
by Freisleben,” and Thyssen,®®'®® in Den- 
mark, and Chapman,® in England. It 
was shown that methylthiouracil had a 
stronger goitrogenic effect on rats than 
thiouracil, whereas the toxic effect (lethal 
dose for mice) was the same. Propylthio- 
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uracil had 10 times as great a goitrogenic 
effect as thiouraciP but this does not hold 
true of its antithyroid action in man. 
The reason for this was recently shovm 
by McGinty®® who proved that methyl- 
thiouracil is not conjugated in human 
blood while the reverse is true of propyl- 
thiouracil, resulting in its partial inactiva- 
tion. Christensen® has also shown that 
several of the thiouracil derivatives are 
bound to the plasma proteins in blood. 
Thirty-five % of methylthiouracil can be 
recovered by ultrafiltration and only 5% 
of the propylthiouracil can be so recov- 
ered. A practical proof of this is the 
fact that at present the small doses of 
propylthiouracil proposed by Astwood,® 
based on the marked goitrogenic effect, 
are being increased while the methylthio- 
uracil dosage is rapidly diminishing and 
is nevertheless causing a good antithyroid 
effect. The doses of these 2 drugs are 
now nearly equal. The reason, however, 
methylthiouracil received preference in 
Denmark was not the greater potency of 
methylthiouracil but the fact that its 
manufacture was easier and less e.xpensive. 

Material. Table 1 gives an impression 
of the different types of cases. It will 
be noticed that the ratio of women to men 
is nearly 4 to 1, which is a little more than 
that usually seen in Denmark.®® Of the 
patients belonging to the old age group. 
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a surprisingly large proportion are men, 
nearly one-third. As would be expected, 
dilfuse goiter is by far the most common 
form. The incidence of nodular goiter 
increases with increasing age. By nodu- 
lar goiter is understood a goiter 'snth an 
irregular surface or a single nodule, no 
matter whether it is cystic or of a more 
elastic character. Most of the goiters 
were small and barely palpable. Secon- 
dary thjToto.xicosis occurred in 3 patients 
who had a diffuse goiter and in 5 patients 
who had a nodular goiter. Three of the 
patients were treated for relapses; 1 case 
having a diffuse goiter and 2 having 
nodular goiter. 

The degree of se%-erity is graded in the 
following way: d— f-f- means that the 
patient had all the 5 main symptoms: 
e.xophthalmus, goiter, tremor, tachycardia, 
motor and/or psycluc instability, and a 
basal metabolism rate of more than -f50. 
The -f-f group had only 3 of the main 
symptoms (exophthalmus lacking for the 
most part) and a basal metabolism rate 
of more than -j-oO. Tlie -f- group had 
only 2 main symptoms and a basal metab- 
olism rate betrreen -1-15 and -1-50. This 
is a somewhat arbitrary manner of divid- 
ing the material, as patients belonging 
to the -{- group occasionally were just as 
ill as those in the -f-f—}- group. It has, 
however, the advantage of not being de- 
pendent on subjective impression. In 
questionable cases a response to iodine 
determined whether the patient had a 
true thjTotoxicosis or not. .Apart from 
this the patients showed a variety of other 
thjTOto.xic symptoms such as: diarrhea, 
weakness, weight loss, thirst, etc. One- 
half of the cases belong to the -f group; 
the -{ — i — f group being the smallest, 9 out 
of G1 . There arc comparatively more men 
in this group and the severe cases are only 
found in the young and in the old age 
group; the -f-f group being evenly dis- 
tributed among all 3 age groups. Half of 
the nodular goiters belong to the -} — f 
group, and only 1 nodular goiter belongs 
to tlie -f -f -f group. 
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Teclmique. Since 1944 we have used 
methylthiouracil at the County Hospital in 
Odense, but the indications for its use have 
been somewhat varied. Because of reports 
on the sensitivity to the drug we at first 
decided to use methylthiouracil solely for 
treatment of iodine-resistant cases and, as 
soon as a good response was obtained, to 
submit the patients to subtotal thyroidec- 
tomy. Later we treated all our cases of 
thyrotoxicosis with methylthiouracil with 
the purpose of continuing a maintenance 
dose if there were no contraindications, such 
as: (1) intrathoracic goiter, (2) a very large 
and increasing goiter with pressure symp- 
toms, (3) failure by patients to submit to 
regular basal metabolism rate control. 

The following routine was used; AU 
patients were hospitalized and basal metab- 
olism rate determinations were done twice 
a week. The pulse rate was recorded daily. 
The patients had no special diet, some re- 
ceived a few sedatives. The leukocyte and 
differential counts and a test for urobilin in 
a 1 : 10 dilution of the urine were done twice 
a week. The patients stayed in the hospital, 
with a few exceptions, until the initial dose 
of methylthiouracil could be lowered, fol- 
lowing a fall in basal metabolism rate, a 
weight gain, and subjective improvement. 
Thereafter the patients were followed at 2 
to 3 week intervals; later when the basal 
metabolism rate approached a normal level, 
the patients were followed at 1 to 2 month 
intervals. After treatment was discontinued, 
basal metabolism rate was done ever 3 '- 2 to 
3 months; leukocyte and differential counts 
and tests for urobilin were done at the same 
time and the patients were urged to report 
immediatel}’’ anj’’ rash, fever, malaise or sore 
throat. With few exceptions the patients 
have willingly followed this routine and have 
been glad to avoid surgical procedures. 

Results. The results can be ver^'- much 
clarified if one divides the whole material 
into 2 separate groups as shovm in Table 2. 


The first group contains all those patients 
who previously had experienced a long 
period of iodine treatment and had be- 
come more or less iodine-resistant. As 
already mentioned, these patients were the 
first to be treated and, as it was recom- 
mended at that time, received a rather 
large dose (1 gm. of methylthiouracil a 
day) ; and later, if they were still resistant 
to treatment, a still larger dose of the drug 
was used. It is impossible from the graphs 
to decide whether the larger doses did 
help, but it does not seem that they did 
so in the case which is described later on. 
(The case nuth the severe neurologic 
symptoms described under toxic effects.) 
From what we now know one would expect 
some decline in the basal metabolism rate 
from long-continued treatment ndth meth- 
ylthiouracil irrespective of the dosage. 
It is also evident from the animal experi- 
ments that when a certain dosage of 
methylthiouracil is exceeded the goitro- 
genic effect does not increase.®® The same 
clinical impression is reached by Magnus- 
son.®^“ The largest average doses which 
were given in the initial period of treat- 
ment were 1.2 gm. a day (1 patient had 
0.4 gm.; 2 patients had 1 gm.; 2 patients 
had 1.4 gm.; 1 patient had 2 gm.; 1 patient 
had 2.2 gm.). Because of these dosages 
which we now would consider as huge, 
reactions were very frequent and in some 
cases even severe, though we did not ob- 
serve any cases of agranulocytosis in this 
group. Several authors^® have stressed 
the increase in dosage to be the cause of 
increased sensitmty. There is no doubt, 
that more of the patients could have been 
carried tlurough on methylthiouracil treat- 
ment if the patients’ tolerance to a smaller 
dose had been tried. After the first signs 
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of intoxication had occurred. Table 5 
shows that we only did this test in 8 out 
of 14 cases. We now do it routinely. 

The second group contains all those pa- 
tients who did not receive iodine to any 
extent before methyltliiouracil treatment 
was commenced, although 3 patients had 
iodine for a week for diagnostic purposes 
and responded well. This group is the 
largest group and received gradually de- 
creasing daily doses duringthe initial period. 
The first patients treated received doses 
as follows; 1 patient 1 gm., 2 patients 0.8 
gm., the following 26 patients O.G gra. and 
5 patients 0.4 gm. The last 3 patients 


smaller number of reactions, though it is 
uncertain if it will reduce the danger of 
agranulocytosis. The comparison of the 
results sho^\m in Table 2 and the literature 
on this subject will be commented upon 
below. 

Nearly all authors seem to agree that 
prolonged iodine treatment prior to me- 
thylthiouracil treatment causes a consider- 
able prolongation of the time required for 
remission. This has been mentioned by 
several authors.^'*-’®"*'-®'^''*^ Others'® have 
reported contradictory experiences and 
have demonstrated that thiourea, com- 
bined with iodine or even following previ- 



Fia. 1. — 1-} piiticnt.s; iodine-resistant cases— other M patients; cho'-en at random, 
without previous iodine trc.itwcnt. 


hilve been treated with 0.2 gm. (2 cases) 
and 0.1 gm. (1 ca.se), ttnd it is our intention 
in the future not to exceed 0.4 gm. for 
the first 4 weeks, even if the ctise lui-s 
previously been treated with iodine. The 
average inititil daily do.se htis been 0..o7 
gm. in this group. The thenijwutic re.sult.s 
in tliis group are comparable with otlier 
rejvorts on methyltliiouracil tind give a 
true jrteture of whtit e:in be exi)eeted from 
this form of tretitment. The above-men- 
tioned reduction in tio.sage litis worked 
.stiti.sfactorily and the .■^aine e.xperience has 
been encountered by McGulltigh.^ Thi.s 
reiiuetion in dose will perhaps result in a 


ous iodine treatment, does not prolong 
the treatment; on the contrary, these 
drugs act tis synergists. The po.ssiblc ex- 
planation may be that our cases were 
iodine-resistant and not ordinary ctises of 
thyrotoxicosis receiving iodine with goml 
effect prior to methylthiouracil treatment. 
Figure I shows 14 c.ascs who were iodine- 
resistant and who were treated with ni(>th- 
ylthiouracil following prolonged iodine 
treatment and who also for some time had 
iodine and methylthiouracil together. For 
comparison, the dotted lines represent 14 
other c;;.'-'cs chosen at random which were 
not treated with iodine and which had a 
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similar initial basal metabolism rate. The 
different rate of response is quite evident 
from the curves and proves that iodine- 
resistant cases behave in a special way 
towards methylthiouracil treatment. 

Sustained Remissions and Mainte- 
nance Therapy. In maintenance ther- 
apy our principle has been the following: 
A gradual decrease in the dosage, not 
following any set scheme, and then, when 
the patients have done well for a month 
or so, on 0.05 gm. a day, withdrawal of 
the drug usually after an average period 
of treatment of 5 months. 


the mean time for relapses to occur, fol- 
lowing cessation of treatment, was 2 
months, the maximum time 6 months and 
the minimum time 1 month. 

2. The next sub-group contains all the 
cases in which an evaluation of mainte- 
nance therapy is impossible, either (a) 
because of preoperative treatment or (b) 
because of therapy being discontinued as 
the patient was non-cooperative, or (c) 
because the treatment is still going on and 
it is impossible to decide upon the final 
results. This group is designated, “final 
evaluation impossible.” 


Table 3.— Course of Cases Responding to Treatment With Methylthiouracil 

(Corresponds to Group A in Table 2) 


22 patients at present on 
methylthiouracil therapy 


Number of patients: 44 
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Table 3 shows the results of methyl- 
thiouracil treatment up to date in 44 pa- 
tients (Group A) from Table 2, in whom 
therapy was possible. These cases were 
divided into 3 main sub-groups; 

1. Those who remained in remission 
even after removal of the drug for an 
average time of 7w months, designated in 
Table 4 as “cured,” in the sense that their 
thyrotoxieosis disappeared during the per- 
iod in which the symptoms of disease were 
controlled by methylthiouracil. The cri- 
teria for the determination of a remission 
in this group have included; subjective 
relief, weight gain, disappearance of the 
elevated basal metabolism rate and de- 
creased jiulse rate. The rather scanty 
literature on this subject^'-®-^® has demon- 
strated that the relapses most commonly 
occur within 2 to 3 months after with- 
drawal of therapy, but that they may 
occasionally occur at the end of G months 
or e\’en later. In our cases in sub-group 3, 


3. The third sub-group includes all 
patients who have had relapses after at 
least 3 months of treatment as the result 
of withdrawal of the drug; the average 
total length of treatment being 12 months. 
The average relapse occurred witlnn 
2 months after withdrawal of the drug. 
Some of these patients may later have a 
sustained remission, although some have 
failed twice on withdraival of the drug. 
Those patients Avith 1 year of maintenance 
therapy not resulting in permanent re- 
mission ought to be operated upon. The 
average dosage of methylthiouracil given 
to these patients to keep them in remis- 
sion Avas a little more than 0.1 gm. a day 
AA’ith a spread from 0.3 to 0.05 gm. This 
group is designated “relapses.” 

In Table 4 aa'c haA’e tried to relate the 
“cured” group Avith the type of goiter, 
scA-erity, age, sex, complications, and the 
duration of the disease, AA-ith the thought 
in mind that thereby A\'e might be able to 
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predict which cases would fall into the 
“cured” group, and which would belong 
to the “no lasting cure” group. First of 
all, it may be pointed out that in starting 
methylthiouracil treatment we can only 
expect one-fourth to fall into the “ cured ” 
group. This figure is no doubt too small 
as the use of smaller doses of methylthio- 
uracil will probably reduce reactions and 
add to the “cured” group, even if some 
few patients may later relapse. 


diseases from which the patients suffered 
during the time of treatment, whether 
connected with the thyroid status or not. 
There were just as many patients who 
suffered from complications in the “ cured” 
as in the relapsing group, which is rather 
surprising. Those who were “cured” had 
only been ill, on the average, for a com- 
paratively short time; however, as there 
was a great variation between the maxi- 
mum and minimum duration of the 



Weeks 1 2 3 4 5 6 7 8 9 10 H 12 13 14 15 IS 17 18 19 

Fig. 2. — 4 patients partly resistant to methylthiouracil treatment. 


It appears from Table 4 that small to 
moderate-sized goiters have the highest 
percentages of cures, while the larger 
goiters and the nodular goiters show a 
smaller percentage of cures. Severity of 
the disease does not seem to have any 
influence on the results of therapy, but 
as was pointed out previously, the iodine- 
resistant cases do not do so well and con- 
stitute a separate group. As to sex, rela- 
tively more men fall into the “cured” 
group. In the age groups, there is clear- 
cut evidence that the younger and middle- 
aged groups have better results than the 
old-age group. This is somewhat dis- 
couraging as the latter are poor surgical 
risks due to increasing frequency of 
cardiac trouble. Even if good surgical 
risks, these people often state that tliey 
arc too old for operation. As complica- 
tions there were considered all the severe 


disease in each group, a comparison is 
only tentative. 

The results correspond to those reported 
in the literature,® though Rose did 
point out that the complications were 
chiefly found in the relapsing group. 

Of 38 patients, 33 were questioned 
closely on their ability to work. The 
average time from the beginning of meth- 
ylthiouracil treatment until they had 
resumed full working capacity was 1.2 
months. 

During therapy we did not notice any 
significant increase in exophthalmus; on 
the contrary, in some cases the exophthal- 
mus diminished. 

The goiter only increased in size when 
the basal metabolism rate fell below nor- 
mal. 

Even though the patients were followed 
carefully during treatment some signs of 
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m j-xedema developed in 1 1 cases although 
the basal metabolism rate was around 0. 
In most cases the drug was withdrawn and 
first reassumed when the sj-mptoms dis- 
appeared after 1 to 2 months of ob- 
servation. 

Partly Ineffective Tre.a.t.ment. Al- 
though quite a few authors frankly state 
that there are no methylthiouracil-resis- 
tant cases, 14 of these have been collected 
in the literature (Table 6), and Rose“ has 
described 0 cases following thiouracil. 
From the repoi-ted ease histories one has 
the. impression that many rf the failures 
are due to too short a period of treatment. 
In the cases of Rose rt al., the treatment 
was continued for 7 to 15 months; while 
the length of our treatment is shown in 


those patients who received 0.57 gra.; the 
latter group had reactions in 47 %. It is 
to be noted, however, that the only case 
of agranulocytosis occurred in the small 
dosage group. 

A brief protocol of this case of agranulo- 
cytosis is as follows : 

Case Reports, Case 1. A 59 year old 
woman had had sj'mptoms of thjTotoxicosis 
for 11 years which, from time to time, had 
been treated with iodine, with good results. 
She had tiie following complications; hyper- 
tension and thyrotoxic heart but without 
an}' arr^'thmias or cai'diac insufficiency. 
Metiiylthiouracil, O.C gin., was given for 
1 month with weekly control of blood and 
urine, but then, without any warning, the 
granuloci’tes suddenly disajipcared for 7 days 
and at the same time she developed the 


T.\m.E 5 . — Re.vctions to METnYi.TiiioL’n.vciL 


Mnximum craiiu per day 

duration of troatment with hifth . 

AH— even Flishto'st sian«» of reaction {% of group) 

Asranulocytosis 

Xeurolocic>syinptoins (molor-‘‘en'^ ) 

I'ever 

Skin eruption . \ . 

Urobilinnria 

Dyspetfia 



Vertigo 

Leukopenia ......... 

Ah'-olute lymphorytO'*}- 

Dru{* not reported 

Uep/'nted rraclion after a rmnil dfv-^* . 

No repeated reaction after time 

Tr’i'i'-ifiit tnv'Xftirain dnrine «rer.tn'.eiil 


Figure 2. Ca.se.s 1 and 2 were certa 
not improved in any way in spite of adc 
qiiatc do.^e.s. In Case 3 there wa.s a slow 
fall in hasal metaholism rate but no im- 
provement in the general .-^tiuus of the 
();itiont. This also appiie.s to Ca.se 4, but 
we ought to have treated this patient for 
a longer period. 

Reactio.ns TO Methylthiofracii.. A.S 
previously slateil, several author.s have 
strc.ssed that tiie reactions depend upon 
tlie (juaniity of the drug. It is therefore 
fair to divifle the material into 2 groups 
as in Table 5 in the .'^ame way as in 
Table 2. It i;s tlien very evident that the 
toxicity is mneh greater (78 9c* '» li'f 
group receiving 1.2 gm. of methyhhiotira- 
ci! as an average initial daily dose than in 
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was at once wi(I-.dra'.'-n, iieniciliin was 
tnlcd, and tlie patient ircovered. 

In tlie group not (reatec! with iodine, 
the percentage of reactions (47 %) while 
smaller than in the iotiine group, wa.s eoii- 
siderahie, Imt in only 5 ca-es, one-fourth 
of this group, was it neee.-sary, In'cause 
of repeated drug reactions, to diseon- 
Itmie treatment. 

The high ineidenee of reactions can be 
explained by tiie serujniloiis que.-^lioiiing 
and examination of tiie jmtient.-i at each 
visit. Actually some of the symptoms 
could have been attrihutcfi to intereurrent 
causes, but, when not proved otherwi-e. 
they were aitrihuted to inethyitliiouraei!, 
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One of the important findings was a posi- 
tive urobilin test in the urine (the urine 
being diluted 10 times before the test) 
which often accompanied other signs of 
intoxication. When following these pa- 
tients weekly they were always found to 
have a negative urobilin test until the 
signs of intoxication developed. We did 
not see any cases of jaundice, the blood 
bilirubin and the Takata-Ara test were 
normal when tried in connection with a 
positive urobilin test. Recently it was 
pointed out by Ehrich^^ that there is a 
rather high incidence of liver damage in 
experimental animals when treated with 
thiouracil and one of the first signs of 
sensitivity is manifested in the liver. In 
clinical reports this has hitherto not been 
mentioned, apart from the few cases where 
jaundice contributed to the toxic reaction. 

The other reactions mentioned in Table 
.5 are in agreement with those reported by 
other investigators, but 1 case ^vith neu- 
rologic signs must be mentioned separately 
(the other case was questionable). A 
brief protocol is as follows: 

Case 2. A woman aged 64 had diabetes, 
slight hypertension and an adenoma of the 
thyroid. There were no signs of cardiac 
failure. She had been ill for 10 years and 
had often been hospitalized for diabetic 
coma and her diabetes was very difficult to 
control. The manifestations of thjTotoxico- 
sis were insignificant and the diagnosis was 
only made when she was brought to our 
hospital, at which time she had a basal 
metabolism rate of +65. Iodine therap}'^ 
was instituted, but she soon appeared to be 
iodine-resistant. As we did not know of 
thiouracil at that time, she was given a 
series of Roentgen raj" exposures with con- - 
tinned iodine therapj". She remained un- 
improved and at the same time refused sub- 
total thjToidectomy. Following this, over 
a period of 4 months, she was given gradu- 
ally increasing doses of methylthiouracil 
from 1 to 2,2 gm. a daj", with vei^" little 
effect (as we would now anticipate) except 
a slight reduction in the basal metabolism 
rate to +40. The doses were then gradualh* 
decreased to O.S gm. a daj’, yet slow im- 
provement continued, and she now began 
to gain in weight, her diabetes was more 


easj" to control, and she required less insulin. 
The patient was continued on 0.8 gm. a day 
and was thereafter treated as an ambulant 
patient. It was difficult to persuade her to 
report regularly, because of difficult trans- 
portation during the war, and 75 days after 
the last control observation, which was satis- 
factoiy, she came to the hospital in a serious 
condition. The first symptom she had com- 
plained of at home had been pain and diffi- 
cultj" in control of her left leg. On admission 
to the hospital, she looked somewhat myx- 
edematous but her basal metabolism rate 
was onlj" —1. At that time she could not 
walk at all. Objective examination showed 
paresis of the quadriceps on the left side 
but muscular strength was reduced in both 
legs and in the right arm. The patellar 
reflex was lost and the plantar reflex was 
diminished, acting in a peculiar, slow waj". 
The Babinsld sign was positive on the left 
side. There was ill-defined dysesthesia over 
the left thigh but no definite changes cor- 
responding to the distribution of any per- 
ipheral cutaneous nerve. The spinal fluid 
showed no increase in cells, with albumin 30, 
and globulin 1. One month after the drug 
Avas withdrawn the patient began to Avalk 
and later did not have any disturbance of 
gait or other neurologic signs.. 

Survey of Reports on Methylthio- 
URACiL. Table 6 gives a survey of the 
literature on methj'lthiouracil treatment. 
There is a surprising difference between 
the various statements, the 2 largest series 
by Meulengracht"® and Frisk'® show extra- 
ordinarilj" good results. This may be due 
to some extent in the work of Frisk to his 
use of small doses and also because he 
does not give any details in his short sum- 
mary. The percentage of sustained re- 
missions in the Avhole material follows 
rather closely those seen in our cases, 
but in our patients the relapses Avere a 
little more common (20% as compared 
with 12 %). Our figures on partly ineffec- 
tive treatment are possibly too high, as 
explained earlier in this article. The num- 
ber of discontinued ti'eatments because 
of repeated reactions in our group which 
received the relatiA-ely small doses of 
methylthiouracil is a little higher (12% 
as against 7 %), but the incidence of mil d 
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recurrent reactions is much larger than 
of any other authors. 

A comparison of results of methylthio- 
uracil treatment with those in a large ser- 
ies of thiouracil treatment collected by 
van Winkle et al.f" and Moore®'’ shows 
about the same rate of partly ineffective 
treatment, discontinued treatment and 
agranulocytosis, whereas the mild recur- 
rent reactions are less in the latter. This 
may be due to the fact that van Winkle’s 
cases are collected from a number of 
clinics and not seen by the investigator 
personally. 

At present it is impossible to make any 
comparison of methylthiouracil with pro- 
pylthiouracil. It can only be pointed out 
that the effective doses seem to be the 
same. 

Comment. It has been proved that 
methylthiouracil is a powerful antithjnroid 
drug and it seems to exceed thiouracil in 
strength both in rat experiments and in 
human therapy. The difference is not 
great or significant. 

A comparison with propylthiouracil is 
difficult, as the dosages of both drugs have 
yet to be stabilized, but it is clear that 
propyl- and methylthiouracil are to be 
administered in approximately equal doses. 
The earlier discrepancies between the rat 
experiments on the goitrogenic effect and 
the potency of the drugs in man are ex- 
plained in a natural way by McGinty and 
by Christensen, and supply the reason 
for the failure of propylthiouracil to be as 
effective as would be expected. 

Sensitivity to the drugs is even more 
difficult to compare, but thiouracil and 
'methylthiouracil seem equal when one 
compares the fairly large series of methyl- 
thiouracil treatments collected by the 
Scandinavian and English investigators 
with tlie thiouracil series of Moore and 
van Winkle. 

In our cases there is a high incidence of 
small but recurrent reactions. The reason 
for this lies not alone in the greater dosage 
used, because even in the small dosage 
group the incidence of reactions is high. 
Our attitude towards methjdtliiouracil 


was critical from the beginning because 
of the unphysiologic nature of the therapy 
and made us very alert and keen to find 
fault. Moreover, the many positive tests 
for urobilin constitute a considerable frac- 
tion of the so-called reactions. How much 
the reactions are due to allergy and how 
much to overdosage, it is impossible to 
say, but agranulocytosis especially seems 
to be a fairly late reaction, not caused by 
overdosage. There can be no doubt, from 
the common incidence of a positive uro- 
bilin test in association with other signs of 
reaction to methylthiouracil, that this 
test represents a toxic manifestation. The 
addition of this simple check-up is there- 
fore advocated. 

When using these drugs one has con- 
stantly to have in mind all the possible 
reactions to thiouracil compounds. We 
are dealing with drugs which cause reac- 
tions more often than do the sulfonamides. 
Moreover, both in the initial period and 
in maintenance therapy, we are using the 
drugs for a long period. The danger of 
agranulocytosis is constant, even if one 
uses propylthiouracil, following which such 
reactions have lately been observed by 
Shibley.®^ 

Before radioactive iodine can come into 
common use, antithyroid drugs are a valu- 
able form of therapy and the goal must 
be to reduce the dosage of the antith 3 Toid 
substance as far as possible without dimin- 
ishing its effectiveness and thus avoid 
reactions. The work of Danowski, Man 
and Winkle is very interesting in this 
direction and ought to be followed up, 
using methylthiouracil instead of thio- 
urea; but it is quite possible that this 
procedure will not work in patients who 
are iodine-resistant, as they seem to con- 
stitute a special group. 

Not only is it important to choose the 
correct minimal, initial dose, which we 
believe should not exceed 0.4 gm. a day, 
but it is also important to select the pa- 
tients carefully to avoid unnecessary sub- 
total thjToidectomy which, even if the 
technique is perfect, has a mortality as 
high as 1.6% according to Wijnbladh." 
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The jH'vcenlugc of eoinjiHoations (tctnn.v 
and j)aralysis of <lie rofurrciit Imyiipoal 
ijorvo) is 2.S ajid tlie.se iif'iirt'.s are iimcli 
hijjlu'r when a second subtotal tln-midee- 
toiny is necessitated Ijccause of relaps’c 
(10 to 

Troin tlie standj)oint of indicatioJis, anti- 
thyroid drugs Iia\x- an itnportant role in 
the treatment of cases wliicli are; (I) too 
grc.at a surgical risk or (2) in wljieh opera- 
tion is refused, or (3) which iiavc had a 
relapse after a siibtot/tl lliyroideetomy. 
Unfortun.ately, many elderly patients be- 
long to tiicse 3 groups atid as it has been 
sliown, the very best residts rvith inethyl- 
thioiiraci! lla^•e not been reached in the 
elderly, as these initients do not Iiave a 
siistamcd remission, hut must continue 
on a maintenance dose. Another indica- 
tion is (4) preoperative treatment. Aletb- 
ylthiouracil, together with iodine, for 
10 days prior to openition, seems to lower 
the risk of a i)ostoperative thyrotoxic 
crisis. A final (o) indication is constituted 
by those cases in n-hom one can expect 
“cure” from the treatment. 

The percent.'ige of “cures” differs great- 
ly: reports^ range frojn 20 to S2%, 
the mean being .54%. The reasons for 
this are: (1) the rather .small material pub- 
lished; and (2) the rather short observation 
periods (onl^’ a few reports have an ob- 
servation time longer than 9 months). Both 
in the literature and in our e.xperience 
there is good evidence that a fairly high 
number of cases eventuaUy do without 
therapy and remain well, especially in 
patients in wliom the disease rvas not of 
long standing, tlie goiter comparatively 
small, and the patient in the younger age 
group. As Rose has pointed out, this 
group equals that group which, before 
the daj’s of antithjToid drugs, one rvoiild 
expect to have had a self-limited course. 

There is, on the other hand, no doubt 
that even the e.xperienced worker lias 
difficulty in predicting what course an 
indiridual case will run, and that pro- 
longed iodine and Roentgen ray treat- 
ments have often brought the patients 
into trouble. Methylthiouracil is there- 


fore clearly indicated in the above-men- 
tioned cases, 'i’he maintenance therapy 
.should not, however, he continued beyond 
1 to years jis it seems a.s if the chance 
of a su.stained remission after tin's time 

i.s nither unlikely. At that time one 
ought to j>ro[)o.se ojieration which would 
involve little risk, the patients not iiaving 
h.'ifl symptoms- for I year. 

Fimdiy it is import;int to strc.ss cases 
in which antithyroid drugs are contra- 
indicated: fl) large in tra thoracic goiter; 
(2) large iidenomafous or diffuse goiter 
which is rajiidly increasing; (.3) in non- 
cooperative p.-itients, where the control 
is dillicult or even impo.s.siblc; (4) th^To- 
toxicosis which is due to acromegaly (we 
have Seen .such a c.'ise which was rcsi.stant 
to mcthylthiounicil, as have llo-se’'^ and 
MeGulIagh-'^); (o) thyrotoxicosis in preg- 
nancy is an unsettlcfl matter. We hai'c 
observefl 1 case with a normal pregnancy 
anti the birth of a normal child and so has 
V'ogt,'' but Frisk’” has seen a child which 
was born with a pronouncetl c.vophthal- 
imis. I'rcislebcn and I\jcn!lf-.Jcn.sen'” 
have shown that thiouracil passes the 
placenta in rats but that the newborn rats 
arc normal. In the lactation period thio- 
uracil is found in the milk and can do 
great harm to the offspring. The conclu- 
sion from this is that thiouracil shoidd be 
avoided if possible in pregnancy and not 
used in tlic lactation period. 

Summary. 1. In 61 patients with thy- 
rotoxicosis so treated, methylthiouracil 
has been proved a potent antithjToid 
drug, but it causes reactions similar to 
those follf>wing thiouracil. 

2. In IS iodine-resistant cases of th^-ro- 
toxicosis treated with methj’lthiouracil, 
the basal metabolism rate fell much more 
slowlj' than is ordinarily the case. 

3. Increasing the dosage of metbylthio- 
uracil beyond a certain high level is of no 
value. 

4. To IS patients large doses of methyl- 
thiouracil were given. The average dose 
was 1.2 gm. daily and the drug had to be 
discontinued in 8 cases (44%) and caused 
reactions in 14 patients (78%). A smaller 
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average dose of 0.57 gm. was given to 43 
patients and in these patients the drug 
had to be discontinued in 5 cases (12%) 
and caused reactions in 20 cases (47 %). 
In this group of patients there occurred a 
case of agranulocytosis which recovered. 

5. The largest single dose recommended 
is 0.4 gm. a day, and even if this does not 
give any results for the first 7 or 8 weeks 
it is justifiable to wait 2 or 3 weeks more 
for a fall in b4sal metabolism rate. 

6. Of 61 patients with thyrotoxicosis it 
was possible to carry the treatment 
through in 44 patients and they were fully 
capable of work in an average of 1.2 
months after therapy was started. 

7. Sustained remission with an average 
observation period of 7| months occurred 
in 16 patients (26.2%) after a treatment 
of approximately 5 months’ duration. 

8. The sustained remissions occurred 
most frequently in cases with a small to 
moderate-sized goiter, in the young or 


middle-aged groups, especially in men, 
and in cases where the disease had not 
been of long standing. The complications 
and the severity seemed to have no sig- 
nificant influence on the ultimate result 
of therapy. 

9. In 4 cases of thyrotoxicosis, methyl- 
thiouracil treatment, even for a long per- 
iod, was unsuccessful. 

10. Among reactions to methylthioura- 
cil a positive test for urobilin in the urine 
is shown to be common and important. 

11. A survey of the literature or methyl- 
thiouracil has been made and the results 
are compared with those of thiouracil and 
propylthiouracil. Methylthiouracil seems 
more effective than thiouracil and about 
as effective as propylthiouracil. 

12. Indications for therapy with anti- 
thyroid drugs are outlined. 

13. Methylthiouracil is of no use in 
elevated basal metabolism rate caused by 
acromegaly. 
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This investigation was undertaken as 
part of a comprehensive study of the ef- 
fects of sympathectomy on the liemody- 
namic functions of patients with essential 
hypertension. It was considered worth- 
while to rule out the possibility that the 
reduction in blood pressure is accompanied 
by significant alterations of total blood 
volume, and, incidentally, to obtain in- 
formation on the effects of the operation 
on the intravascular and extracellular 
fluid compartments of the body. 

FolloAving sympathectomy in normal 
cats the plasma volume increased, “ Avhere- 
as, in dogs A\nth experimental renal liyper- 
tension sympathectomj' produced either 
no change^ or a decrease in red cell vol- 
ume.^® The present report presents the 
results of blood volume and “available 
fluid” (“thiocyanate space”) studies in 
patients with essential hypertension before 
and after lumbodorsal splanchnicectomy. 

Materials and jMethods. The sub- 
jects were a heterogeneous group of 10 
patients with essential hypertension. The 
measurements of plasma volume using the 
d^'e T-1S24, and of “available fluid” vol- 
ume using a 5% solution of sodium thio- 
cyanate intraA’^enously were determined 
before operation and at various intervals 
after operation. 

The method of Gregersen and Stewart® 
for the simultaneous determination of blood 
volume and “thiocyanate space” was 
modified for use with the Coleman junior 
spectrophotometer. The blood samples 
were collected in 4 cc. hematocrit tubes 
containing a measured amount of liquid 


oxalate mixture in isotonic saline as de- 
scribed by Emerson and Ebert.^ 

The plasma specific gravity of each 
sample was determined Avith the Barbour 
and Hamilton falling drop apparatus and 
the dyed plasma samples were corrected 
for fluid shifts as recommended by Gre- 
gersen.'’ After such correction straight 
line dye concentration curves were ob- 
tained on a semi-log plot (logarithm of 
the plasma dye concentration plotted 
against time). Using this method uniform 
rates of dye disappearance (approximately 
5% in the 1st hour) were obtained, thus 
confirming the observations of Noble and 
Gregersen.’'* For this reason and because 
of the greater conA'^enience we determined 
the plasma Amlume from the 10 minute 
sample in the latter half of this investi- 
gation. 

Since in some individuals thiocyanate 
reaches an equilibrium with the extracel- 
lular fluid slowly, and because there is 
no appreciable change in concentration 
from the 1st to the 4th hour following 
injection,’ the plasma samples used to 
calculate the “aA’^ailable fluid” volume 
were draAATi If to 2 hours folIoAsnng injec- 
tion. In ^^ew of the lack of adequate 
information concerning the precise Amlume 
distribution of thiocyanate “correction” 
factors were not used. The “available 
fluid” Amlume as used in this study ex- 
presses the total volume in which thio- 
cyanate is distributed, including the plas- 
ma volume, the amount that enters the 
red cell, and its distribution in the extra- 
cellular space. 
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Results. The results listed in Table 1 this was due to a decrease in red cell vol- 
and Figures 1 and 2 reveal a decrease in ume as manifested by a fall in hematocrit, 
total blood volume of from 1 to 16% in These observations were made about 
9 of the 10 subjects during the convaleS- 10 days postoperatively in order that the 
cent postoperative period. In most cases results would not be confused by the 
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Fig. 1.— Per cent chanses in total blood volume following lumbodorsal splanchnicectomy. The 
shaded area contains the values found in 9 of the 10 subjects studied. The arrows indicate the times 
of operation. 
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changes in “available fluid” volume following lumbodorsal splanchnicectomy. 
operS'iM ® subjects .studied. The arrows indicate the times of 
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routine administration of blood and other 
parenteral fluids during the operative and 
immediate postopcrnti\’c periods. 

Coincident with the fall in total blood 
volume there was an increase in "available 
fluid ” in all of the 9 cases studied varying 
from 3 to 2S%. In all of the 5 patients 
followed for G months the total blood 
volume and “thiocyanate space” wa.s re- 
stored to approximately the preoperative 
levels at the end of the period of observa- 
tion. In 4 of these, however, the hemato- 
crit remiiincc) slightly below the preopera- 
tive value, the deficiency being made up 
by a slight iiicrease in plasma volume. 

The decrease in total blood volume in 
the postoperative period has no relation- 
ship to changes in arterial pressure. Pa- 
tients with slight or no fall in blood pres- 
sure e.\-hibited the same decrease in total 
blood volume as those who had significant 
reductions in blood pressure. Thus, pa- 
tient R. D. whose blood pressure preop- 
eratively was 220/140 and 5 da^r’s post- 
operatively was 220/155 revealed a de- 
crease in total blood volume of 10%. 
Patient J. S. whose blood pressure fell 
significantlj’’ from 20S/105 preoperatively 
to 160(95 10 days postoperatively also 
exhibited a decrease in total blood volume 
of 5%. 

Similarly, at the end of 6 months there 
was no correlation between changes in 
arterial pressure and changes in total blood 
volume. For example, the total blood 
volume had returned to within 2 % of the 
preoperative value in both patient J. F. 
whose blood pressure was essentially un- 
changed and patient J. Me. who exhibited 
a definite fall in arterial pressure from 
165/135 to 135/95. 

Discussion. The purpose of this investi- 
gation was to determine whether or not 
significant changes in blood volume and 
“available fluid” volume were produced 
following partial sympathectomy. Long- 
term observation of 5 patients revealed 
that at the end of 6 months following 
operation significant changes had not oc- 
curred, despite the fact that in the major- 
ity of these cases the blood pressure was 


significantly lower than the preoperative 
value. 

However, during the course of the study 
definite trends in blood and available fluid 
volume were noted in the period from 
S dn 5 'S to 2 weeks after operation. These 
changes, whicli consisted of a reduction 
in red cell volume and an increase in 
“available fluid” volume, have been ob- 
served following other types of major 
surgerj’.” The fluctuations obsen^ed, 
therefore, cannot be considered to be a 
specific consequence of sympatheetoaiy. 
Indeed, an increase in “thiocyanate space” 
has been observed in other conditions, such 
as lobar pneumonia*^ and infectious hepat- 
itis,*- as well as after surgical operations, 
and may represent simply a non-specific 
reaction of the body to injury.*’’ 

The failure of the liematocrit value to 
return to the preoperative level over a 
period of 6 months following operation 
is of interest. In dogs with experimen- 
tally induced polycythemia Schafer*® has 
observed a definite reduction in red blood 
count following sympathectomy. ' He also 
noted a fall in liematocrit in a patient with 
pob'cythemia rubra vera wiio had under- 
gone sympathectomy. Green® has re- 
ported a marked reduction in the hemato- 
crit value following surgical excision of a 
pheochromocytoma in a patient who had 
chronic hjqiertension. 

These observations suggest a relationship 
betw^een the sympathetic nervous sys- 
tem and the red blood cell volume. How- 
ever, the change may be more apparent 
than real, as it is possible that sympath- 
ectomy, by altering the caliber of the 
smaller vessels, may cause a redistribu- 
tion of the red cell mass in the vascular 
system. This in turn would change the 
cell-plasma ratio in the larger i^essels from 
which sampling is accomplished.® ■®'*® 

On the basis of surface area the pre- 
operative total blood volume values were 
within the normal range as defined by 
Gibson and Evans,® This is in agreement 
with the conclusion of Harris and Gibson*® 
that the blood volume is normal in essen- 
tial hypertension. The values for “ avail- 
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able fluid” volume similarly fell mthin 
the normal range when compared on the 
basis of surface aread® 

Summary and Conclusions. 1. Repeat- 
ed blood and “available fluid” determina- 
tions were made on a series of 10 cases of 
essential hypertension for periods up to 
6 months following lumbodorsal splanch- 
nicectomy, 

2. The total blood volume was reduced 
in 9 cases in the period from 8 daj^s to 
2 weeks following operation, due primarilj’^ 
to a diminution in red cell volume. De- 
spite a continued reduction of blood pres- 
sure the total blood volume was restored 
to the approximate preoperative level at 
the end of 6 months following operation. 
A slight reduction of the hematocrit value 
persisted, the deficiency being made up by a 


compensatory increase in plasma volume. 

3. Coincident with the reduction in 
blood volume noted in the 2nd postopera- 
tive week there was an increase in “ avail- 
able fluid” volume. This elevated value 
was restored to the preoperative level 
over a period of several months. 

4. Previous observations that the total 
blood volume is within normal limits in 
patients with essential hypertension were 
confirmed. 

6. In relation to surface area the 
“available fluid” volume of hypertensive 
subjects was also found to be within the 
normal range. 

6. The reduction in blood pressure fol- 
lowing sympathectomy is not dependent 
upon changes in total blood or “ available 
fluid” volume. 


Tlie authors wish to thank Miss Pauline Dow'ney for valuable technical assistance. 
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Althougu there is u number of pro- 
cedures rvliicli are now cniplo.\'ed to deter- 
mine tlie status of the peripheral circula- 
tion, any method which may add to our 
knowledge or promise more information is 
desirable. Contributions and reports on 
“circulation time” which indicated blood 
flow seemed to offer some encouragement. 
These studies were based on arm to tongue 
and arm to lung time, whereby one could 
identify whether the right heart or the 
left heart was involved or which one was 
predominating. 

More reeently fluorescein was used in 
determining circulation time. It was given 
intravenously and investigators claimed 
that this method was an impror’ement 
over the other substanees because it 
eliminated personal equation of the pa- 
tient, and the end point could readily be 
seen by the observer by the appearance of 
the d 3 'e upon the lips or the conjunctiva.”-'* 
Furthermore, fluorescein was particularlj-' 
preferable when the patient could not co- 
operate bj-^ calling the end point for the 
circulation time. 

On a previous occasion, one of us at- 
tempted to investigate the circulation time 
in the extremities, both upper and lower. 
A 20% solution of calcium gluconate was 
used. The results at that time were vague 
and unsatisfactory, and our series was not 
extensive enough to warrant publication. 
Our conclusions concurred udth those of 
Berk* who used magnesium sulfate. His 
results were likewise unsatisfactory be- 
cause of the large percentage of “blanks”; 
that is, where no sensation of warmth was 
felt in the peripheral parts. He noted that 
“two-thirds of all the indmduals showed 
blanks at some time or other.” 


Our hopes were encouraged when 
Lange*-*’ published his results of fluorescein 
in a patient with embolic occlusion and 
one of diabetic gangrene. AVe considered 
that fluorescein, with its advantages over 
other substances commonlj' emploj-ed for 
circulation time, offered more favorable 
results. 

Method of Study — Technique. After the 
patient has rested for about 15 to 20 minutes, 
he is placed on a table in the recumbent posi- 
tion. The limbs are exposed and inspected 
preliminarily with an ultra%nolet bulb cov- 
ered with a jjurple glass filter. This is to 
search for any abnormalities and to acquaint 
oneself with the color and condition of the 
extremities. 

Under the usual sterile precautions an 
18 gauge needle is inserted into the ante- 
cubital vein. 

The room is then darkened and 4 cc. of 
fluorescein solution (20%)* is rapidly in- 
jected (3 cc. was used at first but later 4 cc. 
of the solution was used in the remaining 
cases). 

The exaim’ner, with stop-watch in hand, 
observed the lips which are the first to show 
the end point of the distribution of the d 3 ’e. 
A greenish or greenish- 3 ’^ellow color can 
clearl 3 '^ be seen. Then the hands and lower 
extremities are carefull 3 r scnitinized and the 
time required for the distribution of the d 3 ’'e 
to these parts is recorded. In our stud 3 ’^ we 
charted (1) the elbow to Up time, (2) elbow 
to hand time and (3) elbow to foot time. 

Selection of Cases. A series of 89 patients 
were studied, 69 of which were anal 3 'zed 
for statistical purposes. Forty-five pa- 
tients had some form of vascular disorder 
ranging from arteriosclerosis obliterans, 
thrombo-angiitis obliterans and embolic 
occlusion to Raynaud’s syndrome, chronic 


* Fluorescein supplied by courtesy of Eli Lilly & Co., Indianapolis, Indiana. 
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leg ulcers and vasospastic disorders. They 
were taken consecutively from the vascu- 
lar clinic. 

Another series of 24 patients were 
similarly studied ; they were obtained from 
the medical and surgical wards. Some 
were convalescing from operations or 
were admitted for study. The medical 
cases included cardiac and miscellaneous 
conditions. However, these cases were 
presumably not suffering from any periph- 
eral vascular disorder. They were of vari- 
ous ages, color and sex. 


Table 1 — Appearance Time 
Peripheral Vascular Disease Group 



Times 

Average 


(sec.) 

(sec.) 

Arm to lips . 

. 12-30 

16.0 

Arm to hand 

. 15-51 

31.2 

Arm to foot . 

, 30-120 

61 ,4 

Non-vascular Disease Group 



Times 

Average 


(sec.) 

(sec.) 

Arm to lips 

7-25 

14.4 

Arm to hand 

. 17-CO 

28.5 

Arm to foot . 

, 2G-G0 

53.4 


Results and Discussion. Table 1 shows 
the appearance time of the fluorescein on 
lips, hands and feet in the vascular group 
and those patients who presumably were 
not suffering from peripheral vascular dis- 
orders. 

Arm io Up Times. Twenty-two of the 
combined group showed an appearance 
time from 8 to 13 seconds, while 47 re- 
vealed a circulation time ranging from 14 
to 25 seconds. These results seem to 
compare satisfactorily with Lange’s fig- 
ures.® He noted that in studying 89 nor- 
mal adults above the age of 20 years, the 
appearance time at the lips was between 
15 to 20 seconds, an average of 17.1. 
Fishback’s" figures were from 15.6 to 
17 seconds; he gave no average in his 
scries. Our average was 14.4 to 16 seconds. 

Arm io Hand Time. Thirty-four cases 
showed an appearance time bet^veen 17 
and 28 seconds (49.3%); 17 of the com- 
bined group revealed tlie dye between 29 
and 35 seconds (24.6%). Collectively 51 
of the patients studied (74%) shoAved* the 
dye in the hands between 17 and 35 sec- 


onds. Our average for the non-vascular 
cases was 28.5 seconds and 31.2 seconds 
for the peripheral vascular group. 

These figures have been arranged in 
Table 2 shoAving the comparison with 
those obtained by Berk,^ Avhose averages 
Avere 19.2 seconds for normals and 25.1 
seconds for the vascular disease group. 


Table 2 — Arm To Hand Time 
Fluorescein 



Appearance 
time (sec.) 

Average 

(sec.) 

Non-vascular 

. . 17-60 

28.5 

Vascular . 

. , 15-51 

31.2 

Magnesium Sulfate (Berk) 



End point 
(sec.) 

Average 

(sec.) 

Non-vascular 

. . 6-61 

19.2 

Vascular . 

. . 12-60 

25.1 


Table 2 shoAvs the comparative results 
of the arm to hand time using fluorescein 
and magnesium sulfate. TavcIa'c of the 
patients revealed a prolonged time betAveen 
41 to 60 seconds, 10 being in the vascular 
series and 2 in the non-vascular. He 
believes that the delayed appearance of 
the dye could be explained on the basis 
of age and cardiac disease. HoAA'ever, 
some of them might haA'^e had a A'^ariable 
degree of interference Avith the circulation 
as AA'^ell. 

Arm to Foot Time. Almost invariably 
the appearance of fluorescein AA’^as delaj’-ed 
in the loAver extremities. It Avas first seen 
on the lips, then on the hands, and last 
on the feet. Only in 2 or 3 cases did the 
dye appear in the feet as promptly as it Avas 
seen in the hands. Its late appearance in 
the feet is quite understandable AAdren we 
take into consideration that the skin tem- 
peratures are ahvays loAver in the feet 
than in the upper extremities. It is also 
an accepted fact that the A^asoconstrictor 
gradient is greatest in the feet. It may 
be noted that 6 cases in the non-A'^ascular 
group (25%) shoAved the dye between 30 
to 40 seconds in comparison AAnth 6 cases 
in the A'ascular group (17.8%); 11 cases 
of the non-vascular series (46%) showed 
an appearance time betAveen 30 to 50 sec- 
onds compared AA-ith 15 cases of the vascu- 
lar series 133%). The analysis of the 
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arm to foot time in these cases was carried 
out to a 3 minute period. It Avns noted 
in the cases that sliowcd a markedly de- 
layed appearance time over 50 seconds, 
that this occurred in 43.5% of the vascu- 
lar cases as compared witli IS.2% of the 
non-vascular cases or about 2.5 to 1. 
These facts we believe arc significant and 
indicate that vascular disorders can be 
responsible for the prolonged appearance 
time. The delayed end point of the fluor- 
escein in our series of the vascular group 
was probably due to the disturbance in 
the circulatory system. However, a few 
of these patients may have had some 
cardiac condition as well but we are 
reasonably certain that the age element 
was eliminated. 

Untoward Effects. Our experience com- 
pares Arith other investigators who used 
fluorescein in their studies. There were 
no definite reactions. Two of our patients 
vomited shortly after the test but this, we 
feel, was due more to nervousness and 
apprehension than to the effect of the dye. 
Over 100 injections were given in our 
studies. The dye was rapidly eliminated 
by the kidneys. The patients were told 
to expect a greenish tinge on the skin to 
remain for a few hours and that the urine 
would be discolored temporarily. 

Normals. We realize that before any 
definite conclusions can be reached in refer- 
ence to the employment of fluorescein for 
investigating the peripheral circulation, 
one must have a fairly acceptable normal 
appearance time. Because of the scarcity 
of investigations with this substance, we 
were handicapped in determining what 
the normal standard is. For the benefit 
of other investigators in the future we 
would suggest the following figures. These 
are based on our observations with cor- 
rections which we suggest that would 
make them approximate of what may pre- 
sumably be normal. This will particularly 
apply to the arm to foot time which will 

Table 3. Normal Fluorescein- 
Appearance Time 

Arm to lip time .... 12-16 seconds 

Arm to hand time ... 18-28 seconds 

Arm to foot time . . . 40-50 seconds 


be more than the other regions. 

These figures arc higher than those 
quoted by Berk in his studies of the cir- 
culation time in the lower extremities 
using magnesium sulfate. In his normal 
group he noted that the end point ranged 
anywhere from 7.4 to 8.2 seconds to 50.1 
to 56.2 seconds, an average of 24.1 sec- 
onds. In the pathologic series, he recorded 
IS to 70 to 75 seconds, averaging 35.7 to 
36. 1 seconds. His figures are quite at vari- 
ance with those suggested by our studies. 
However, we feel that it is impossible to 
arrange any standard figures for those 
patients with peripheral vascular disease. 

However, there is another fact which 
deseriTS some comment at this time and 
which may suggest an earlier normal ap- 
pearance time than the figures quoted by 
us. Lange® employed fluorescein in 4 pa- 
tients Avho had ulcers on the lower extremi- 
ties. He specified that these ulcers were 
not arteriosclerotic in type and we pre- 
sume that the patients were not cardiacs. 
Fluorescein was seen in the ulcer areas 
uithin 23 seconds. 

Neller and Schmidt® employed fluores- 
cein by making a series of superficial 
scratches at 2 inch intervals down the legs 
and observing the appearance of the dye 
in these areas as a means of determining 
the level of vaseular impairment. How- 
ever, they do not quote any normal values 
of appearance time. 

Whether the dye may be seen more 
promptly in an ulcer area than working 
its way through the peripheral arterioles 
and capillaries is a matter which we are 
not prepared to settle at this time. 

It may be of interest at this point to 
comment on some features which are 
demonstrated by the dye technique. In 
1 patient we were impressed with appear- 
ance of “blacked-out” areas which on 
physical examination were rose-colored. 
These so-called rose spots were described 
in a previous publication® as evidence of 
early pathologic damages in the smaller 
vessels. t^Tiile we were unable to prove 
this fact by histologic section we are now 
con-vinced that these "blacked out” areas 
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are due to interference vnth the circula- 
tion. This is in accordance with Lange’s 
views. A second feature was the applica- 
tion of fluorescein in studying the condi- 
tion of ulcers when skin grafting is con- 
sidered. Lange’ pointed out that he was 
able to select those ulcers with healthy 
granulations and those which showed 
definite evidence of interference with blood 
supply by the use of fluorescein, this dis- 
tinction not being apparent on ordinary 
inspection. A third feature which inter- 
ested us when examining a patient who 
had a unilateral lumbar ganglionectomy; 
the appearance time was practically the 
same in each foot, but the dye was more 
dense on that side which was operated 
upon despite the fact that it had a greater 
degree of involvement. Feature No. 4 
was apparent in a patient who had an 
arteriovenous fistula in the groin. After 
3 attempts to obliterate this condition, 
the patient still had considerable pain and 
the foot was cold and discolored. On 
examination with fluorescein the foot and 
ankle areas were practically “blacked- 
out” indicating extensive interference with 
the arterial blood supply. 

Summary and Conclusions, Eighty-nine 
patients were studied vdth fluorescein for 
the appearance time at the lips, hands 
and feet. Sixty-five of this series had some 
form of vascular disease, 24 cases were 
presumably not vascular. They were 
various ages and sex. 

The appearance time in the lips in the 
non-vascular group was 14.4 seconds and 
IG seconds for the patients with vascular 
disorders. 

The arm to hand time shoAved an aver- 
age of 2S.5 seconds for the non-vascular 


cases and 31.2 seconds for the vascular 
group. 

The arm to foot time ranged from 
30 seconds to 3 minutes. However, most 
of the cases showed an appearance time 
within 60 seconds, the average for the non- 
vascular group was 53.4 seconds and 61.4 
for the vascular cases. When the appear- 
ance time was beyond 60 seconds, the vas- 
cular series predominated over the non- 
vascular about 2.5 to 1. 

Other features which may explain a 
delayed appearance time are old age and 
cardiac disease. The appearance time is 
not so easily recognized in the lower ex- 
tremities and in the colored. 

The following figures are suggested for 
the normal appearance time: arm to lip, 
12 to 16 seconds; arm to hand, 18 to 28 
seconds; arm to foot, 26 to 60 seconds 
(average 53.4). 

The fluorescein test is superior to other 
substances which depend on subjective 
sensations for the end point. The end 
point with this method is readily recog- 
nized. The fluorescein test is harmless 
and non-toxic, the dye is readily eliminated 
by the kidneys. 

Despite the unavailability of a more 
definite normal standard for arm to foot 
time, we were impressed vdth the delay in 
appearance time in the lower extremities 
among patients with knoAvn vascular dis- 
orders. From this, we infer that it gives 
information relative to the status of the 
peripheral circulation. It is helpful in 
deciding and selecting the proper type of 
ulcer for grafting. It may be of assistance 
in determining the level for amputation, 
but we haA’’e had no personal experience 
with fluorescein along these lines. 
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Antidiuretic iiction of morpliinc has 
been studied in tiniinals since ISS 7.- 
Frey,’®’’® in 1907, concluded tluit narcosis 
with morpliinc Iiinders the tlcvclopincnt 
of a water diuresis. During the next 
20 years studies on tlie water diuresis in 
animals’®'’"’®’’®®’®’®® continued to confirm 
this fact. Bonsmann®’’ and otlier.s,’®’®® 
doing a more careful control than previous 
workers on the initial state of hydnition 
of the animals, reemphasized the antidiu- 
retic effect of morphine. De Bodo and co- 
workers, working from 1940 to 1945,"’’®’’® 
have presented detailed pharmacologic 
studies made in animals that clearly 
demonstrate the antidiuretic action of 
morphine. 

The antidiuretic action of various hyp- 
notics has been studied but the results are 
controversial.®’®’’®®’®® Recently dc Bodo 
has shovm in animals’® that some barbitu- 
rates hai^e an antidiuretic action. 

The effect of drugs on mercurial diuresis 
has also been studied in animals. Tin's 
work includes studies of the antidiuretic 
action of barbiturates,®’®® chloralose,® pitii- 
itrin®® and antipyretics.’ 

In summary, the e.xperimental work in 
animals has shorni that morphine inhibits 
water diuresis. ^AOiether hypnotics e.xert 
a similar effect on water diuresis is con- 
troversial. Hypnotics, antipyretics and 
pituitrin have been shown to exert an 
antidiuretic effect on mercurial diuresis. 
This present study concerns itself with 
the action of morphine on mercurial diu- 
resis. 

In man the antidiuretic effect of mor- 


phine and allied compounds has long been 
a clinical impression. It was probably 
fir.st mentioned in the literature in 1S.39 
when Bouehardat® reported the alleviatirn 
of the symptoms of diabetes by gradually 
increasing doses of opium. The report of 
decreasing urinary volume in diabetes 
mcllitus and diabetes insipidus following 
morphine has been repeatedly reported 
since then. Recently, Master has re- 
ported as his clinical impression that 
morphine reduces the effect of mercurial 
diuretics.®® The study by Fee’® using him- 
self as the subject on the inhibition of 
water diuresis by morphine constituted the 
first controlled clinical investigation. The 
clinical studies presented by Hopmann,®® 
however, yielded irregular results. His 
patients were in 3’arious stages of digi- 
talization, were not studied under stand- 
ardized conditions, and were 3dctims of 
additional diseases such as cirrhosis and 
nephritis. He stressed morphine as a 
diuretic. In those instances where it 
failed to act as such, he explains this fail- 
ure to initiate diuresis by stating that 
oral morphine gi3"en at night produces 
diuresis and morphine given during the 
day does not. Balm, Iserbeck and Linde- 
mann,® on the other hand, presented a 
controlled clinical series of observations 
and noted definite decrease in water diu- 
resis follonang morphine. However, the 
work of Hopmann served to impress cer- 
tain "workers to such an extent that as 
late as 1940 a review of recent advances in 
therapy® carried the statement that mor- 
phine alone may cause massive diuresis 


* Presented in part before the New York Heart Association Scientific Meeting, May 10, 1946. 
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in cardiac patients, altliougli it is accepted 
as an antidiuretic in normal individuals. 

Although it might be anticipated from . 
the literature'^'^^’^^'^® that morphine and 
demerol would exert no consistent anti- 
diuretic effect on saline diuresis, the fre- 
quent use of mercurial diuretics and these 
drugs during the treatment of cardiac 
failure makes the study of their interaction 
a matter of some importance. 

Method. The study was divided into 
2 parts; the action of morphine on diuresis 
in patients with congestive heart failure, and 
in normal persons. In patients with heart 
disease the diuresis was initiated as a result 
of mercupurin. The study in normal persons 
was made during water diuresis. All patients 
studied were in the fasting state. The urine 
samples were obtained by means of a cath- 
eter. The l^ladder was first emptied and 
the sample discarded. A preliminary deter- 
mination of the rate of urinary flow was 
made during the next 20 minute period, by 
measuring the volume excreted in these 
20 minutes and expressing the urinary flow 
as cc. per minute. This samjjle of urine 
was saved for an analysis of chloride con- 
tent. Subsequent samples were collected 
every 20 minutes. In both groups studied, 
the urine flow during the initial control 
period remained under 1 cc. per minute. 
When the urine flow rose above 1 to 1.5 cc. 
irer minute, diuresis was considered to be 
initiated. The following technique was 
used to insure comjrlete emptying of the 
bladder at the end of each 20 minute inter- 
val: Pressui’e over the pubis caused the 
expelling of the larger proportion of the 
urine. Twenty to 40 cc. of air \Yas then 
instilled into the bladder bj’- means of a 
syringe. If any urine remained, when pubic 
jrressure was again instituted, the urine was 
expelled ahead of the air, which followed as 
bubbles. If the bladder was emptj’- the air 
alone was expelled at once, and with a 
characteristic explosive sound. This end 
point was sought at least twice at the 
end of each period. The concentration of 
chloride in tlie urine (expressed as milli- 
cquivalents per liter) was measured in each 
sample by the method of Schales and 
Schalcs.’* The rate of chloride excretion 
(milliequivalcnts per minute) Avas calcu- 
lated from the urine flow (cc. per minute) 


and the chloride concentration (milliequiva- 
lents per liter). 

Study of the Antidiuretic Action of 
Morphine and Demerol in Cardiacs. 
All subjects studied Avere patients who 
remained in congestive heart failure de- 
spite complete bed rest and full digitaliza- 
tion, All patients suffered from the type 
of cardiac decompensation in which fre- 
quent mercupurin injections were needed 
to mobilize edema. Each patient received 

3 gm. of ammonium chloride daily and a 
loAV fluid, salt-poor diet. As soon as daily 
weights were stabilized on bed rest, mer- 
cupurin was given in each case in order 
to initiate diuresis. In order to establish 
the type of response obtained with mercu- 
purin alone, control diuretic curves were 
obtained on a group of 6 patients, each of 
whom received 2 cc. of mercupurin intra- 
venously. Nine observations were made 
on these 6 patients. One patient Avas 
studied 3 times, 1 patient tAvice, and 

4 patients were each studied once. Nine 
patients Avere then studied to determine 
the effect of morphine on mercurial diu- 
resis. Tavo cc. of mercupurin AA-^ere given 
intraA^enously and AAflien diuresis AA'as Avell 
established the patient receiAmd 0.01 gm. 
of morphine sulfate intramuscularly — usu- 
ally about SO minutes after the injection 
of mercupurin. The urine floAv AA’'as fol- 
loAA'ed for 3 to 5 hours after mercupurin. 
The patient AA^as then alloAA'ed to reaccu- 
muiate edema to the original AA'eight level, 
and 2 cc. of mercupurin alone AV’ere given. 
Thus, a control diuretic curve AAuth AA’hich 
to compare the curve under the influence 
of morphine AA^as obtained on each patient. 

Study of the Antidiuretic Action of 
Morphine in Normals. Water diuresis 
studies AA'ere made on 4 patients on the 
AA'ards of BelleAuie Hospital. They Avere 
all aAvaiting discharge. Taa’o AA'ere con- 
A-^alescing from upper respiratory infections 
(la grippe, bronchitis) and 2 AA-ere A'ictims 
of mild nervous system disease. All 4 
AA'ere free of circulatory, renal or hepatic 
disease. In accordance AA'ith De Bodo’s 
technique in animal studies, the 4 patients 
Avere completely hydrated before the ob- 
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servations were begun. This was accom- 
plished by the administration, in tlie fast- 
ing state, of 1000 cc. of water by mouth 
at 7 A-.w. of the daj' of the study. This 
water of hydration was e.xcreted in vary- 
ing amounts over the ne.\t 3 hours, de- 
pending on the original state of Jiydration 
of each subject. Three hours after the 
first ingestion of water, at 10 A.si., tlie 
study was begun. Urine samples were 
obtained everj’^ 20 minutes for to 3 
hours by the same catheter technique as 
above. It is kno^ra that if a person is 
completely hydrated, he vnll excrete 
almost quantitativelj' a 1000 cc. of water 
in 2 to 3 hours. The 4 patients studied 
demonstrated tliis clearly in the control 
observations to which each was subjected. 
Three of the patients recei^'ed the second 
dose of fluid as 1000 cc. of 5 % glucose in 
distilled water, intravenously, given in 45, 
40 and 17 minutes respectively. One pa- 
tient received the second 1000 cc. of %vater 
by mouth, given in 5 minutes. 

Results. Cardiac Patients. The con- 
trol diuretic curves obtained show in gen- 
eral an early rise in urine flow during the 
first 3 to 5 hours following the injection 
of mercupurin. From a normal level of 
under 1 cc. per minute, the urine flow' rose 
to a minimum level of 2.4 cc. per minute 
in 1 patient to a maximum level of 10 to 
12 cc. per minute in others. The peak of 
the curve w'as reached during the first 1 
to 2 hours and then the diuretic curve 
leveled off and w'as maintained fairly con- 
stantly at a plateau range for the next' 2 
to 3 hours. Chloride concentrations, and 
therefore chloride excretion rates, behaved 
in the same manner. In a patient with 
several diuretic cun'es, the chloride con- 
centration rose to almost exactly the same 
level on each trial and remained at this 
level with a variation of only 10 to 
15 milliequivalents per liter. 

Nine patients in congestive heart failure 
w'ere studied to note any effects bj' mor- 
phine on the diuretic curve. In 3 patients 
morphine was found to have an antidiu- 
retic effect. The latter was interpreted 
on the basis of a persistent depression of 


the diuretic curve obtained during the 
period of observation and in each patient 
compared with his own control diuretic 
cur\'e. 

It should be emphasized that in the 
same patient at the same weight level the 
diuretic curve follows the same pattern 
on repeated diuretic trials and the control 
cuiw'es do not show' a fall in rate of urine 
flow' during the Rrst 3 to 4 hours. 

The first patient (C. P.) w'as studied 
repeatedly. In 2 separate observations, 
each with 1 or 2 control curves, morphine, 
when administered after the diuresis was 
in progress, caused a definite suppression 
of tin's diuresis (Figs. 1 and 2). This was 
first noted 40 minutes after the adminis- 
tration of the drug and persisted for as 
long as 2|- hours. The urine flow fell 
from 10.3 cc. and 7.4 cc. per minute to 
2.35 cc. and 3.7 cc. per minute respectively, 
and then gradually rose to 7.75 cc. and 
5.8 cc. per minute at the end of the period 
of study. In a third observation, w’hen 
morphine was given 10 minutes before 
mercupurin, i. e., before the diuresis devel- 
oped, the diuretic curve was flattened and 
ranged beriveen 1.47 and 5.14 cc. per 
minute and had not risen to the control 
level, 8.5 cc. per minute, 4 hours after 
morphine was given (Fig. 3). As an addi- 
tional control in this patient, a sterile 
w'ater injection was given intramuscularly 
after the development of the diuretic 
state but the diuretic curve w'as unaffected 
(Fig. 2). The intramuscular injection of 
75 mg. of demerol after the diuresis had 
started -produced in this same patient the 
same antidiuretic effect as morphine and 
caused a slight decrease in urine chloride 
concentration (Fig. 4). How'ever, the 
effect was noted sooner (24 minutes after 
demerol w'as given). The chloride con- 
centration in the urine differed very little 
from the control levels during the anti- 
diuretic effect of both these drugs. There- 
fore, the chloride excretion rate varied 
only with water output or mine flow. 
The total chloride excretion during the 
period studied was markedly reduced 
under the influence of morphine and 
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demerol as compared with the control 
periods. Control total chloride excretion 
over 4 hours ranged between 219 and 314 
milliequivalents and during antidiuresis 
fell to a range between 103 and 171 milli- 
equivalents (see Table 1). 

The second patient (S. W.) was also 
studied repeatedly. An antidiuretic effect 
was also noted with morphine in 2 separate 


studies and once Avith demerol. The urine 
flow rose to 2.1 cc. and 2.09 cc. per minute 
and under the influence of the drugs fell 
to 0.24 cc. and 0.95 cc. per minute. In 
addition, renal plasma flow as determined 
by the para-amino-hippuric acid clearance 
test^^ was studied during 1 series of ob- 
servations. This renal plasma flow show- 
ed no variation from the normal figure 



Fig. 1 .— The Antidiurclic Aclion of Morphine on Mercurial Diuresis. (C. P.) Closed circles represent 
the control curve with mercupurin alone. Open circles represent the curve under the influence of 
morphine. The .axis of nbscissai represents the time in minutes after the mercupurin injection, and the 
axis of ordinates the urine flow in cc. per minute, chloride excretion rate in milliequivalents per minute, 
and clilonde concentration in milliequii-alents per liter. The arrow marks the time of morphine injec- 
tion on the open circle curve. The antidiuretic effect begins 40 minutes after morphine is injected 
and is maximal at 120 minutes after morphine. 
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either during the control diuretic period 
with mercupurin alone, or following mcr- 
cupurin and demcrol. During the anti- 
diuretic effect of morphine in this patient 
there was a definite fall in urine chloride 
concentration (Fig. 5). Tin's fall was not 


demonstrated h^' the first patient whose 
chloride concentration remained constant 
during morphine antidiurcsis. 

A third patient (M. FI.) was studied 
once witli morphine. A control curve was 
also obtained. Tliis patient showed a 
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Fig. %.~-Tho Antidiuretic Action of Morphine on Mercurial Diuresis. (C. P.) These 3 diuretic 
curves are made on the same patient. Closed circles represent the control curr^e -nith mercupurin 
alone. Open circles represent the curve showing the influence of morphine and the cross marks a 
curve, showing the lack of influence of a sterile water injection on the mercurial diuretic curve. The 
arrow with the circle above it represents the time of injection of morphine on the open circle curve. 
The arrow with the cross mark above it represents the time of injection of the sterile water. The axis 
of abscissa represents the time in minutes after the mercupurin injection, and the axis of ordinates 
the urine flow in cc. per minutes, chloride excretion rate in mUliequivalents per minute, and chloride 
concentration in mUliequivalents per liter. 
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somewhat less marked antidiuretic effect 
with morphine. The urine flow fell from 
3.24 cc. to 2.03 cc. per minute. Demerol 
was not studied in this patient. 

The 2 patients who showed an anti- 
diuretic effect on 3 separate occasions 
demonstrate the consistent nature of this 
effect and rule out any possible chance 
phenomenon. 


There were 6 cardiac patients who 
showed no antidiuretic effect with mor- 
phine during mercurial diuresis. It should 
be noted that perhaps a larger dose of 
morphine would have given an antidiu- 
retic effect in these patients. 

Normal Subjects. The first normal sub- 
ject (F. St.C, Fig. 6) received the second 
administration of water by mouth; 1000 cc. 
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in 5 minutes. Twentj' minutes after the 
water was given she reeeived 0.01 gm. of 
morphine intramuscularly. Forty min- 
utes after morphine was gi\'en, and 
60 minutes after the second ingestion of 
water, there was a marked drop in the 
urine flow; from 4.S cc. to 1.33 ce. per 
minute. As can be seen in Figure 6, the 
control diuretic curve made 2 days later 


on this patient, with only the second 
ingestion of water (no morphine) shows 
that at 60 minutes after the second water 
the urine flow had risen to 8.4 cc. per 
minute. The antidiuretic effect of mor- 
phine in this patient continued for over 
2 hours after the morphine was given. 
At the end of 3 hours the control period 
jdelded 114% of the second water as 



O — O DEMEROL CURVE 

Fig. 4. — FAc Antidiurelic Aclion of Demerol on Mercurial Diuresis. (C. P.) Seventj'-five mg. of 
demerol were given intramuscularly at the time marked by the arrow. Closed circles represent the 
control cum-e with mercupurin alone. Open circles represent the curve under the influence of demerol. 
The axis of abscissie represents the time in minutes after the injection of mercupurin and the axis of 
ordinates, the urine flow in cc. per minute, chloride excretion in milliequivalents per minute, and chloride 
concentration in milliequivalents per liter. A slight fall in urine chloride concentration was noted 
during the antidiuretic effect of demerol. 
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urine returned. This demonstrates the 
fact that the patient was completely 
hydrated by the first water given. Under 
the influence of morphine only 70 % of the 
second water was recovered in the urine. 
It will also be noted in Figure 6 that the 
urine chloride concentration rose mark- 
edly during the antidiuretic action of 


ride excretion in 3 hours was greater with 
morphine, being 19 milliequivalents (1.11 
gm.), while the control excretion was 
2.8 milliequivalents (0.17 gm.). Therefore, 
the total urinary chloride excretion in- 
creased during the period of morphine 
action. 

Morphine, however, in some subjects, 
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Fig. 5.~Thc Aiilidiurelic Action of Morphine on Mercurial Diuresis. (S. W.) Ten mg of morphine 
sulfate was injected at the time marked by the arrow on the open circle curve Tlie closed circles 

mercupurin alone. The open circles delineate the curve under the 
influence of morphine. The axis of abscissai represents the time in minutes after the injection of mer- 
cupurm, and the axis of ord nates the urine flow in cc. per minute, chloride excretion ratriniSlll 
oquu .nlents per minute and chloride concentration in milliequivalents per liter. Note the fall in urine 
chloride concentration during antidiurcsis. 


morphine. An initial level of 35.8 milli- 
equivalents per liter rose to a maximum 
of 90 milliequivalents per liter, while con- 
trol levels started at 13.3 and fell to 
1.3 milliequivalents per liter diming the 
control diuretic period. The chloride ex- 
cretion rate was higher with morphine 
than the control rate, and the total chlo- 


may hinder the absorption of water from 
the alimentary canal and the decreased 
excretion reflects this fact rather than true 
antidiuretic action. Thus, "while "water 
diuresis usually reaches its peak 40 to 
60 minutes after water is taken, suggest- 
ing that the greater part of this water 
has been absorbed by this time, w'e were 
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Fig. 6. — The Antidiurelic Action of Morphine on JJ'aler Dinrcsis. (F. St.C.) The arrow marks 
the time of the morphine injection. Closed circles represent the control curve of simple water diuresis. 
Open circles represent the influence of morphine on the water diuresis. The axis of absciss® represents 
the time in minutes after the second water was administered, and the axis of ordinates the urine flow 
in cc. per minute, chloride excretion rate in milliequivalents per minute, and chloride concentration in 
milliequivalents per liter. Note the rise in urine chloride concentration during the antidiuretic action 
of morphine. 



Fig. 7. — The Antidiuretic Action of Morphine on Infusion Diuresis. (M. McC.) The arrow marks 
the time of the morphine injection. Closed circles represent the control curve with simple infusion 
diuresis. Open circles mark the curve showing the influence of morphine on the infusion diuresis. 
The axis of absciss® represents the time in minutes after the infusion was started. The axis of ordinates 
marks the Urine flow in co. per minute. 
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able to recover from the stomach of 1 nor- 
mal subject 525 cc. of a 1000 cc. dose of 
water during this period, which was also 
20 minutes after 0.015 gm. of morphine 
sulfate was administered intramuscularly. 

In our patient, F, St.C. (Fig. 6), how- 
ever, the urine chloride concentration rose 
during the antidiuresis and this indicated 
that the fall in water output was not due 
simply to diminished absorption from the 
gastro-intestinal tract. Therefore, these 
observations probably demonstrate true 
inhibition of water diuresis by morphine. 

In using the intravenous route it would 
not be safe to give a large dose of unmodi- 
fied distilled water rapidly. For this 
reason distilled water was given with 5% 
glucose. Under these conditions, how- 
ever, we are no longer dealing with a sim- 
ple water diuresis. Three normal subjects 
were studied using this method. 

The second normal subject, M. McC. 
(Fig. 7), received the second water as 
1000 cc. of 5% glucose in water given in 
40 minutes. Since the factor of absorption 
plays no role in tlie fluid administration 
here, the morphine sulfate, 0.01 gm. was 
given at tlie same time as the infusion 
was started. Sixty minutes after morphine 
was given, urine flow was 8.6 cc. per 
minute (Fig. 7). Seventy-five minutes 
after morphine (this is also 75 minutes 
after the infusion was started) the urine 
had fallen to 2.2 cc. per minute and at 
90 minutes after morpliine the urine flow 
fell to 0.6 cc. per minute and remained 
under 0.5 cc. per minute until the study 
was completed 3 hours after morphine 
was given. A control cur^'^e obtained 1 
week before remained between 6.7 and 
3.S cc. per minute from 75 to 135 minutes 
(2^ hours) after the infusion was started. 
In this patient no chloride determinations 
were made. 

In a third subject morphine was given 
1 hour before the infusion was started in 
order to learn if the diuresis could be sup- 
pressed before it had been initiated. This 
patient showed no antidiuretic effect and 
excreted 102% of the 1000 cc. in 2 hours 
after the infusion was started. 

VOU 2]4, yo. 4 — OCTOBER. 104~ 


A fourth subject received the morphine 
70 minutes and 15 minutes before the 
infusion on 2 separate occasions. A con- 
trol curve was also obtained. Morphine 
had no apparent effect on these 2 occasions. 

The antidiuretic effect, therefore, was 
noted in 2 of the 4 normal subjects studied. 
Again it should also be noted that the dose 
of morphine used here was relatively small 
and conceivably a larger one might have 
made the antidiuretic effect apparent. 

Discussion. That morphine inhibits 
diuresis due to water has been firmly 
established in several animal species. 
The demonstration that it has a similar 
action in humans presents great technical 
difficulties. To initiate diuresis, one may 
administer the water by mouth or intra- 
venously, as was done in this study. In 
the first place, when water is given by 
mouth, it may be possible to demonstrate 
a decrease in water excretion during the 
period of morphine action. This is noted 
in Fee’s study^® and in our own patient 
(F. St.C., Fig. 6). In our patient the rise 
in chloride excretion is a further check on 
the morphine action. It must be remem- 
bered, however, that all of the water may 
not be absorbed, as demonstrated in the 
patient studied by means of stomach tube, 
who still had over half the initial water 
dose in the stomach 40 to 60 minutes 
after it was given. Decreased percentual 
return of the water thus cannot be used 
as an eAudence of morphine action, unless 
a check of the amount of water leaving 
the stomach is made. In the second group 
of normals studied, true simple Avater diu- 
resis was not established, as glucose in 
itself influences diuresis. 

HoAveA^er, from the results obtained it 
is apparent that morphine and demerol 
exert an antidiuretic effect on mercurial 
diuresis in some patients AAuth congestiA’e 
heart failure. IMorphine AA^as also shoAATi 
to inhibit a simple AA’ater diuresis and an 
infusion diuresis in some normal persons. 
The antidiuretic effect was noted as early 
as 40 minutes and as late as 75 minutes 
after morphine was given and persisted 
for a period of to 4 hours. The anti- 
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diuretic effect of demerol was noted some- 
what sooner, 24 minutes after the injec- 
tion, and persisted 2 to 3 hours. 

It was of clinical interest that 1 cardiac 
patient (C. P., Pigs. 1 to 4) reported to 
us after the studj' that before she came 
under our care her physician liad sedated 
her with frequent oral tablets of morphine 
and that injections of mercupurin did not 
result in diuresis. Another cardiac patient 
(S. W., Fig. 5) volunteered the informa- 
tion that diuresis was delayed for 12 hours 
when she had been given morphine with 
the mercupurin. 

Mccha7iism of the Antidixirctic Action. 
Renal ischemia might be suspected, as it 
is known that morphine causes liberation 
of epinephrine^^ in dogs and epinephrine 
can cause diminished renal blood flow. 
De Bodo,*^ however, disproved this mech- 
anism by showing that in dogs, with 1 
adrenal gland extirpated and the second 
dener^'ated, morphine caused inhibition of 
water diuresis to the same extent as in 
the normal dog. In our patient (S. "W.) 
there was no change in renal plasma flow 
during the antidiuretic period. This type 
of renal function study during narcosis, 
as done by Corcoran and Page® and Craig, 
Visscher and Houck, has been criticized 
recently by de Bodo’® because agents in 
themselves influencing diuresis (such as 
glucose, saline, etc.) have been included 
in tlie infusion material. Fee, in 1928, 
suggested a mechanism involving the 
pituitary. De Bodo is of the opinion that 
morphine inhibits water diuresis by an 
action upon the hypothalamic-hj'pophy- 
seal sj^stem, probably by increasing the 
secretion or liberation of the antidiuretic 
hormone. He and his co-workers,” 
working on dogs, carried out a careful 
differentiation of the regions of the pitu- 
itary- that were necessary for the antidiu- 
retic action of morphine. Their work 
suggested that a functioning neurohy- 
pophysis was necessary for this action. 
The liberation of this pituitary hormone 
could be a release phenomenon, or mor- 
phine could stimulate the hypothalamic- 
hy-pophyseal system either by action on 


the supra-optic or para-ventricular nuclei 
or on the pituitrin secreting cells them- 
selves. The intimate details of the mech- 
anism are, of course, not yet knoum. 
Pickford,^® in a recent re\aew, is of the 
opinion that the pituitary mechanism 
need not represent the sole explanation of 
the antidiuretic action. 

Chloride Excretion. De Bodo concludes 
that morphine achieves its antidiuretic 
action by means of the antidiuretic hor- 
mone and bases this conclusion firstly on 
the fact that morphine and the hormone 
have analogous actions on water diuresis. 
In enlarging on this analogous action, he 
further points out that the neurohyqjophy- 
seal antidiuretic hormone brings about a 
percentual and absolute increase in uri- 
nary chloride excretion. The chloride in- 
crease was also noted in dogs during mor- 
phine antidiuresis. A third point of simi- 
larity of action between the antidiuretic 
hormone and morphine is that neither 
reagent inhibits saline diuresis as a rule, 
but if any suppression occurs it is of a 
lesser degree than in water diuresis. In 
summary, therefore, morphine in animals 
appears to have the same effect on water 
diuresis, chloride excretion, and saline 
diuresis as the antidiuretic hormone, all 
points in favor of the action of morphine 
being due to the liberation of the hor- 
mone. Saline diuresis in dogs is not af- 
fected by morphine. This does not appear 
to be the case vath phenobarbital which, 
in some animals, does inhibit saline 
diuresis. 

In 2 of the 4 studies of water diuresis 
in man, morphine exerted an antidiuretic 
effect. Morphine also brought about an 
increase in total urinary chloride excre- 
tion in 1 patient so studied; 2.79 milli- 
equivalents (0.166 gm.) during the con- 
trol 3 hours, and 19 milliequivalents 
(l.ll gm.) during the morphine effect 
(F. St.C, Fig. 6). In the studies with 
mercurial diuresis, however, entirely dif- 
ferent results M-ith chloride excretion were 
obtained. 

In man, the normal concentration of 
urinary chloride is about 102.5 milli- 
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equivalents per liter or 6 gm. per liter. 
The 24 hour chloride excretion of a nor- 
mal adult studied for 16 consecutive days 
fluctuated between 60 and 130 milli- 
equivalents or 3.5 and 7.7 gm.^® In a 
4 hour period, therefore, the estimated 
total chloride excreted would be 10 to 
22 milliequivalents or 0.58 to 1.28 gm. of 
chloride. In man, diuresis follovdng mer- 
curials is knovm to be accompanied by a 
marked increase in chloride excretion. In 
our patients, the concentration of urinary 
chloride rose markedly from a control 
range of 50 to 70 milliequivalents (2.92 
to 4.08 gm.) per liter before mercupurin 
was given, to a range of 100 to 150 milli- 
equivalents (5.8 to 8.77 gm.) per liter 


concentration in the urine. In all 3 pa- 
tients, however, the total chloride ex- 
creted in the urine during the antidiuretic 
period as compared with each control 
period was considerably reduced. Results 
are outlined in Table 1. 

The normal chloride excretion during 
any 4 hour period of the day has been 
estimated as 10 to 22 milliequivalents 
(0.58 to 1.28 gm.). Comparison of this 
figure with the total chloride excreted the 
4 hours following the injection of mercu- 
purin (see Table 1) emphasized the large 
mobilization of ehloride affected by mer- 
cupurin. This mobilization of chloride, 
as measured in our observations by the 
total chloride excretion during the period 


Table 1. — The Effect of Morphine and Demehol on Chloride Excretion During 

Mercurial Diuresis in Man 


Control diuretic During morphine During demerol 

Patient curves , antidiuresis antidiuresis 

Total Chloride Excreted in the Urine During 4 Hours Following Mercupurin 


C. P. . . 

255.0 m.eq. 

171 .2 m.eq. 


(14.9 gm.) 

(10.0 gm-) 


219.0 m.eq. 

159.7 m.eq. 


(12.8 gm.) 

(9.34 gm.) 


314.2 m.eq. 

104.6 m.eq. 


(18.35 gm.) 

(6.1 gm.) 

M. H. . 

. . 155.5 m.eq. 

74,5 m.eq. 


(9 OS gm.) 

(4.35 gm.) 


102.9 m.eq. 
(6.0 em.) 


Total Chloride Excreted in the Urine During 5 Hours Following Mercupurin 
S. W. . 03.3 m.eq. 18.4 m.eq. 

(3 7 gm.) (l.OSgm.) 

57.6 m.eq. 

(3 38 gm.) 


follovdng mercupurin. (Figs. 1 to 5.) 
This elevated concentration was reached 
early, usually nathin the 1st hour after 
mercupurin was injected and occasionally 
before diuresis was noted, and was main- 
tained at a constant level throughout the 
next 3 to 4 hours. In 2 of the 3 patients 
showing an antidiuretic effect the urine 
chloride concentrations remained approxi- 
mately the same during antidiuretic as 
during the control periods. In 1 patient 
following morphine (S. W.) the chloride 
concentration fell to the control levels 
obtained before mercupurin was given and 
only rose again at the end of the anti- 
diuretic eifect. IMorphine, in this case, 
therefore, caused a decrease in the chloride 


of study, was considerably reduced during 
morphine and demerol antidiuresis. 

In our obsen’^ations in man, morphine 
caused an antidiuretic effect and a slight 
increase in chloride excretion during the 
studies on water diuresis. This agrees 
favorably -vrith De Bodo’s animal studies. 
It is apparent, howe\'er, that morphine 
had a similar antidiuretic effect on mercu- 
rial diuresis but a depressant effect on 
chloride excretion during this diuresis. If 
mercurial diuresis can be considered at 
least in part a saline diuresis, then in man 
it can be said that morphine does depress 
or inhibit saline diuresis. 

Conclusions. 1. The influence of mor- 
phine on mercurial diuresis was studied in 
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9 patients with congestive heart failure. 
In 3 morphine produced an antidiuretic 
effect. In 2 patients dcmerol also showed 
an antidiuretic effect. 

2. The total chloride excretion during 
mercurial diuresis was reduced by mor- 
phine and demerol. 

3. Under certain circumstances it is 
possible to demonstrate the inhibition of 
water diuresis in man by morphine. The 


total chloride excretion during water diure- 
sis was increased by morphine. 

4. It is suggested that the antidiuretic 
effect of morphine and demerol, while 
probably not operative in all patients, 
cardiacs or othervdse, is of sufficient im- 
portance in some cases of cardiac decom- 
pensation to account for certain poor 
results vuth mercurial diuretics. 


The authors would like to express their thanks to Dr. Arthur C. DeGraff for his suggestions and help 
which he has given us in this work. 
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FAILURE OF STREPTOMYCIN IN THE TREATMENT OF LEPROSY 
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The ability of streptomycin to inhibit 
the growth of Mycobaeterium tuberculosis, 
in vim and vitro, has been demonstrated 
by numerous investigators.^"® 

Because Mycobacterium leprse resembles 
ilf. tuberculosis in its inorphology, staining 
qualities and in its tendency to produce 
chronic granulomata, it seemed reasonable 
to attempt the treatment of leprosy with 
streptomycin, after no report of this use 
of streptomycin could be found in the 
literature. 

Case History. P. 0., a Filipino steward's 
mate, was admitted to the hospital on 
Sept. 14, 1946, complaining of areas of dark 
and of depigmented skin over legs and trunk. 
He stated that while workmg in Guam in 
July 1946, he had stumbled into mud up to 
his knees while carrjdng a heavy box, and 
shortly after noted an itching and scaling of 
both legs. The lesions spread downward 
over the feet and upward to his knees. In 
August 1946, he noted that patches of skin 
over his chest were losing their normal pig- 
mentation. The past medical history was 
not remarkable, save that he had been bit- 
ten by a dog in 1944. He enlisted in the 
Nary as a steward’s mate in the Philippine 
Islands on May 29, 1946, at which time no 
physical abnormalities of the skin were 
noted in his health record, and the patient 
stated that none existed. 

A family historj’- failed to show any in- 
stances of leprosy in the immediate or col- 
lateral relatives, nor did he remember any 
contact with any known leper. 

The physical examination, at the time of 
admission, w'as normal, save for depigmented 
macules scattered over the trunk, back, 
arms, buttocks and thighs; infiltrated flat 
brownish-red plaques over the lateral bor- 
ders of the feet, and the posterior aspects of 
the heels; and scaling ichthyotic pigmented 
plaques over the shins. There was a healed 
ulcer, 3 cm. in diameter, on the medial aspect 
of the left leg, 10 cm. above the internal 
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malleolus. There was bilateral inguinal 
adenopathy. On the first examination there 
was no evidence of weakness, or wasting of 
any of the skeletal muscles. No thickening 
of the peripheral nerves could be found, and 
there were no areas of anesthesia. 

The following investigations were made; 
Urine: sp. gr. 1.011; reaction, acid; albumin 
and sugar, negative. Microscopic examina- 
tion: no abnormalities. A complete blood 
count was within the limits of normal; RBC, 
4,900,000; hemoglobin, 14 gm, (97 %); WBC, 
8900 (neutrophils, band forms, 2; segmented, 
56; lymphocytes, 35; eosinophils, 7). The 
blood Kahn test was negative. The blood 
sedimentation rate was 5 mm. in 1 hour. 

A roentgenogram of the chest show^ed 
moderate prominent bronchovascular mark- 
ings along the right border of the heart. 
There was no evidence of active disease of 
the parenchyma, although the right apex 
was slightly more dense than the left, w^hich 
was interpreted as being due to thickening 
of the pleura. The transverse diameter of 
the heart was within the limits of normal, 
and the great vessels w^ere not unusual. 

The clinical evidence suggested a diagnosis 
of leprosy. Scrapings of the nasal mucous 
membrane and stains of serum obtained from 
nodular lesions failed to show acid fast 
organisms. A tuberculin test, on Sept. 23, 
1946, using purified protein derivative, in 
the second dilution w^as positive in 48 hours. 
On September 21 a similar test with purified 
protein derivative in the first dilution, was 
negative in 48 hours. On September 27, it 
%vas demonstrated that the depigmented 
macular areas on the trunk were hypesthetie. 
Repeated attempts w^ere made to obtain 
ill. leprx from the nasal mucous membranes 
and from the nodular and depigmented mac- 
ular lesions of the trunk and extremities 
without success. A biopsj’’ was obtained 
from a nodular lesion on the left leg, and on 
November 1 acid fast organisms were demon- 
sferated in sections obtained from this mate- 
rial. Because of the clinical eiidence of 
leprosy and the finding of acid fast organ- 
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isms in the skin, no attempt was made to hands, and loss of tone with slight flattening 
cultivate the organism on artificial media or of the hypothenar eminence of the right 
in animals. Photographs were taken of the hand, and atrophy of the muscles of the 
lesions of the skin (Fig. 1). A rec.xamination second interosseous space of the right hand 
of the patient, at this time, revealed areas was noted. There was slight drooping of the 
of anesthesia over the right foot, and over lower right eyelid. No thickening of the 
the depigmented macular areas of the trunk peripheral nerves could be demonstrated, 
and extremities. There were depigmented The sedimentation rate was 15 mm. in 1 hour, 
macules scattered over the back, arms, but- The complete blood count was similar to the 



Fig. 1. — Photograph illustrating ichthyotic plaques over the shins before treatment. 


tocks and thighs, and infiltrated brownish- one taken on admission, and a second blood 

red plaques over the lateral borders of the Kahn test was negative. On November 1, 

foot, posterior aspect of the heel, and an streptomj'cin therapy was started. The pa- 

occasional macule on the buttocks. There tient was given an intramuscular injection of 

were ichthyotic plaques over the shins and 4 gm. of streptom}Tin as an initial dose; and 

h 3 -pesthesia approaching anesthesia of the 2 gm. were given intramuscularly everj-^ 2 

skin, of the lesions, on the buttocks and hours for 72 hours, followed thereafter by 

thighs, and of the lateral and posterior as- 0.5 gm. everj' 4 hours, throughout the 

pects of the feet. A slight cj'anosis of the course of treatment. On November 2 he com- 
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plained of severe vertigo when attempting 
to stand erect or walk. On November 5 the 
sedimentation rate was 11 mm. in 1 hour. 
On November 7 the vertigo had subsided 
and it was noted that the scaUng lesions 
over the legs were disappearing and the 
epidermis appeared nearer normal. The 
areas of hyperpigmentation and depigmenta- 
tion were unaffected. At this time, the 


the sedimentation rate was 2 mm. in 1 hour. 
On November 29 the patient complained of 
pain in both external ears, and areas of 
hyperpigmentation were noted along the 
helices. On December 7 he complained of 
some dizziness, as well as pain over the 
nodular lesions on the skin, which appeared 
to be darker in color. On December 18 he 
complained of pain in the lobule of the right 



Fig. 2.— Left foot showing hyperpigmented nodular lesions and the remains of the 
ichthyotic plagues following therapy with streptomycin. 


patient noted some pain in the areas of 
hyperpiginentation, about the bases of the 
toes, and the dorsal surfaces of both feet. 
There was no change in the neurologic ex- 
amination. On November 19, photographs 
were taken of the lesions of the skin (Fig. 2). 
It was noted that the h}'perpigmented areas 
over the feet had become anesthetic and had 
increased in size. The ichthj'otic lesions 
continued to improve. On November 20 


ear, where a nodule had formed. He stated 
that the pain was worse when the room was 
warm. On December 10 the patient was 
seen by Dr. N. E. Wayson, IMedical Director 
of the U. S. Public Health Servdee, w'ho 
confirmed the diagnosis of leprosy. On 
December 20 streptomycin was discontinued. 
The patient had received 175 gm. of strepto- 
mycin over a period of 55 days. On Decem- 
ber 31 all erddence of vertigo had subsided 
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and a biopsy was obtained from a lesion 
similar to, and adjacent to the lesion from 
which the original biopsy was taken. The 
tissue obtained at this time showed acid fast 
organisms morphologically resembling M. 
leprse in appro.vimately the same number and 
distribution, as those seen in the original 
biops 3 ^ By Jan. 13, 1947, the ichthj'otic 
areas over both shins had returned, and re- 
sembled the lesions prior to the begimiing 
of treatment. On February 1 it was decided 
that the trial of therap 3 ' with streptom 3 ’’ein 
had been unsuccessful, and arrangements 
were made for the transfer of this patient to 
the leprosarium at Carville, Louisiana. 

Summary. 1. A patient suffering from 
Iepros 3 ' in a relatively advanced and ap- 
parentl 3 ' progressive stage was treated with 
175 gm. of streptomycin over a period of 
55 days. 

2. Ichth 3 'otic lesions over the anterior 
surfaces of both legs showed improvement, 


but returned when streptomycin was dis- 
continued. 

3. The sedimentation rate dropped from 
15 mm. in 1 hour to 2 mm. in 1 hour, 
during the course of therap 3 ", but re- 
turned to 11 mm. in 1 hour, 1 month after 
treatment was discontinued. 

4. Biopsies obtained before and after 
treatment showed acid fast organisms 
morphologicall 3 " resembling M. leprx in 
dppro.\imatel 3 ’^ equal numbers and distri- 
bution. 

5. Depigmented macular and h 3 "perpig- 
mented nodular lesions progressed in spite 
of therap 3 '. 

6. Vertigo was the onl 3 ^ toxic manifesta- 
tion noted from the streptom 3 Tin, 

Conclusion. The course of leprosy in 
this patient was not significantly altered 
b 3 ' treatment with large doses of strepto- 


m3min. 

It is my pleasant duty to thank George G. Hennan, Capt. (MC) USN, for his permission to carrj’ 
out thes 0 studies; N. E. tVayson, Col-, U. S. Public Health Serwce, for his kind suggestions and help; 
and D. Oborne, Lt. Comdr. H(W), for the histologic sections used in this study. 
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Psittacosis is a rare disease in Massa- 
chusetts. From August 1938, the date 
it was declared a reportable disease, to 
April 1946, when the outbreak to be 
described in this report occurred, not a 
single case had been recorded. However, 
from December 1929 to March 1930, a 
series of 15 cases came to the attention 
of the Massachusetts Department of Pub- 
lic Health. Investigation revealed that 
each patient had been exposed to infected 
parrots in one or another of 2 pet shops. 
Three sporadic cases had been noted prior 
to 1938, 2 in 1932 and 1 in 1934. 

It is difficult to obtain a reliable esti- 
mate of the true incidence of psittacosis. 
Unless a history of exposure to psittacine 
or other birds which maj'^ transmit the 
infection is elicited, -cases of ornithosis 
may not be recognized. Routine testing 
of acute and convalescent phase sera ob- 
tained from cases of vii’us pneumonia for 
the presence of psittacosis complement 
fixing antibodies would result in the 
recognition of additional cases. Similarly, 
ornithosis caused by psittacosis-like agents 
of non-psittacine derivation are equally 
difficult to detect. 

Clinically ornithosis resembles atypical 
pneumonia to such an extent that confu- 
sion in the diagnosis of these diseases is 
quite understandable. At times the pul- 
monary involvement that occurs in both 
conditions is demonsti-able only by Roent- 
gen ray. The white blood count and the 
clinical course may be similar and of 
limited value in the differential diagnosis. 
For these reasons, without special labora- 


tory aids, it is possible that cases of 
ornithosis may be misdiagnosed as virus 
pneumonia. 

It is proposed in this discussion to 
present the clinical, laboratory and epi- 
demiologic aspects of a small outbreak of 
psittacosis which occurred in Massachu- 
setts during April and May 1946. Sero- 
logic tests revealed a possible third case 
in a person who had been exposed to birds 
in 1 of the aviaries concerned in the out- 
break. Blood specimens from 2 other 
exposed persons who had not been ill were 
positive in a low dilution, suggesting in- 
apparent infection. 

Case Reports, Case 1. Mrs. C. E., a 
44 year old, white, married housewife, was 
referred on April 24, 1946, to the Faulkner 
Hospital, Boston, Mass., under the care of 
Dr. Channing Frothingham, with a com- 
plaint of recurrent daily fever that had 
risen as high as 103° F. She had been quite 
well until about 4 days before admission 
when she noticed the onset of slight fever, 
general malaise and headache. Three days 
later the elevated temperature and head- 
ache were still present and the patient had 
developed generalized muscle pain. She 
gave no historj’’ of cough, dyspnea or recent 
upper respiratory infection. Chest pain and 
other sj'mptoms of pneumonia were lacking. 

Physical Examination. The patient pre- 
sented the picture of an acute infection Mth 
hot, dry skin, anxious expression and marked 
prostration. The temperature was 103° F., 
pulse rate 100 and respirator}^ rate 22. 
General physical examination was negative. 

Laboratory Studies. A blood culture, upon 
admission before treatment was instituted, 
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showed no growth. The wliite count was 
7800 M’ith a normal blood smear. Subse- 
quent white counts on April 28 and 30 were 
5100 and 7100 respectiveljq with normal 
blood smears. All urine and stool examina- 
tions were negative. Roentgen ray of the 


chest was reported by Dr. Harvey Morrison 
as follows: “The findings are those of 3 
areas of pneumonic infiltration, 1 in the 
right upper lobe, 1 in the left upper lobe and 
the third in the left lower lobe. The appear- 
ance is more that of an atj^pical pneumonia, 



Fig. 1.— Chest Roentgen ray of Mrs. C. E. (Case I) showing 3 areas of pneumonic infiltration 

as indicated by the arrows. 
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although such unusual types of pneumonia 
as eosinophilic pneumonia cannot be exclud- 
ed. There is nothing inconsistent ivith psit- 
tacosis.” (Fig. 1.) 

Blood samples for psittacosis .complement 
fixation tests, sent to Dr. K. F. Meyer of 
California, were reported as follows: 

Dale sample 

taken Titer 

AprU27 . . . i:32 4+, 1:64 2+ 

May 6. . . i:2o6 4+, 1:512 2+ 

June 1 . . . 1:512 4+ 

Clinical Course. Treatment with penicil- 
lin was instituted on the 3rd hospital day; 
300,000 units in beeswax and peanut oil 
were administered daily for 7 cla 5 ’-s. The 
temperature dropped slowly by lysis and 
within 4 days had returned to normal. 
(Fig. 2.) 

There was no cough throughout the entii-e 
illness and no ph 3 '’sical findings suggestive 
of pneumonia. On the 3rd da}'- of hospital- 
ization the patient complained of some pain 
in the left chest upon deep inspiration. The 
heart rate seemed to be relative^ slow 
despite the elevated temperature. The 
patient’s complaints of headache and mus- 
cle pain graduallj'- disappeared and the tem- 
perature fell. Appetite and general well- 
being returned slowb' and she was discharged 
on the 12th day. 

Case 2. Mr. A. h'l., a 31 year old, white 
male, entered the Cambridge Hospital, Cam- 
bridge, Mass., on April 30, 1946, with a 
history of severe headache and chills for 
5 days. Four days prior to admission he 
was unable to continue at work and upon 
arrival at his home his temperature was 
found to be 103° F. The headache persisted 
without relief. There was modei-ate ano- 
rexia, but no other unusual s}unptoms. On 
the 7th daj’- of his illness, the patient had 
diaphoresis associated with a remission of 
the fever. There had been a verj^ slight, 
infrequent cough without chest pain, sputum, 
dj'spnea or orthopnea. 

Physical Examination. On admission the 
temperature was 102.6° F., pulse 100, respi- 
ration 2S. Patient was a ver}' well-devel- 
oped and well-nourished male in no acute 
disti’css. The phj’sical examination was es- 
sontiall 3 >- negative. 

Laboratory Studies. Initial blood stud.v; 
red blood count 4,320,000, hemoglobin 91 % 
(Sahli) ; white blood count 6500 (neutroj)hils 
6STc, lymphocytes 29%, monocytes 3%). 


Urinal 5 '-sis and the Hinton test were nega- 
tive. On April 30 blood culture showed 
S. albus (probably a contaminant). Roent- 
gen ray of chest on IMay 1 was read as 
follows: “There is some bronchitis at the 
right base. The lungs are otherwise normal. 
The heart is normal.” A repeat examina- 
tion on Maj’- 8 was read; “Reexamination 
shows a definite improvement in the infec- 
tious process involving the right lower lobe.” 

Blood samples for psittacosis complement 
fixation tests were sent to Dr. K. F. Mej'-er 
and W'ere reported as follows: 

Dale sample 

tak en Titer 

April 30 . . . i:2 4+ 

May 8 . . . 1:32 4+ 

June 11 . . . i:644+, 1:128 3+, 

1:256 2+ 

Clinical Course. The temperature re- 
mained elevated for 3 days. Repeated 
physical examination of the chest revealed 
no abnormal findings. The cough remained 
unproductive and gradually disappeared 
during the hospital stay. Recover}^ was un- 
eventful and patient was discharged on 
May 10, 1946. 

Epidemiology. The epidemiologic in- 
vestigation revealed that both patients 
had been in contact with sick parakeets, 
several of which liad died. A. E., husband 
of C. E. (Case 1), maintained an aviary 
(Aviary A) at his home. Both the husband 
and the wife cared for the birds. A. M. 
(Case 2) was a neighbor wlio had been 
exposed to the birds in this a^'iary on 
seA'eral occasions during the month prior 
to the onset of his illness. A sample of 
blood taken from A. E. showed a positive 
complement fixation test for psittacosis in 
a serum dilution of 1:64 4-f, 1:128 3-f. 
He had not been ill. 

Several weeks prior to the occurrence 
of illness among birds of his aviary, A. E, 
had purchased se\'eral parakeets from the 
owmer of another a\'iary (Aviary B). 
There had been se\'eral deaths among the 
parakeets in Aviary B. Recent additions 
of psittacine birds to both of these flocks 
had been made from aAnaries outside of 
Massachusetts. 

In\'estigation among persons e.xposed to 
A\ iar\ B revealed that 1 individual, a 
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Dr. M., had developed a febrile illness 
associated with pulmonary signs and 
symptoms on Dec. 13, 1945. He had been 
hospitalized ■noth a diagnosis of lobar 
pneumonia. A chest Roentgen ray taken 
during the hospital stay showed a shadow 
at the left base. The white blood count 
was 9000, vdth 68% polymorphonuclears. 
Blood specimens taken from this patient 
and Mrs. A, the owner of Aviary B, were 
sent to Dr. K. F. Meyer and were reported 
as follows: specimen from Dr. M. was 
positive in dilution of 1 : 16 4+, 1 :32 2+; 
that of Mi'S. A., 1:8 4+ and 1:16 2+. 
In the absence of the acute phase comple- 
ment fixation test for psittacosis on 
Dr. M., the CAudence that his illness was 
caused by the virus of psittacosis is only 
presumptive. 

The National Institute of Health iso- 
lated the virus of psittacosis from a sick 
parakeet in Apiary A. The remainder of 
the birds in this aA'iary M’ere destroyed. 
The birds in Aviary B were placed under 
quarantine for several months. No birds 
became ill during the period of obseiw-a- 
tion. Two ricebirds, a species that are 
highly susceptible to the attus of psitta- 
cosis, were admitted to this aAuary but 
did not develop psittacosis. 

Comment. The paucity of reported 
cases of psittacosis may indicate either 
low incidence or failure of recognition. 
A study by Meiklejohn ct al.^ shoAA-ed that 
when 250 specimens of sputum and lung 
tissue from patients Avith primarj' atypical 
pneumonia Avere inoculated into mice and 
cotton rats, only 10 positiA'e isolations of 
psittacosis-like Aoruses were recorded. By 
use of the complement fixation test, 4 or 
5 additional cases of psittacosis-like infec- 
tion were found from which no attus was 
isolated. These findings suggest that 
psittacosis-like A’^irus accounted for onlj' a 
small portion of the total cases of primary 
atj"pical pneumonia. 

FaA'our^ in 1943 reported 3 cases of 
ornithosis in Massachusetts. The pre- 
sumptiA-c source of infection was canaries 
in 1 case and pigeons in another. No 
historj' of contact Avith birds could be es- 


tablished in the third. In 1946 an addi- 
tional case of ornithosis in a bird fancier 
AA'ho had been exposed to pigeons was re- 
ported to the Massachusetts Department 
of Public Health.** 

It has been demonstrated that psitta- 
cosis is related antigenically to a Aims 
recoA^ered by Eaton, Beck and Pearson 
from the lungs of 2 fatal cases of atypical 
pneumonia.* Harrop, Rake and Shaffer 
showed that laboratory personnel, working 
AAith Ij'mphogranuloma virus, deA^eloped 
atjqjical pneumonia.^ Cross-reactions in 
the sera of these patients were found 
between the Aims of psittacosis, the Aims 
of lymphogranuloma venereum, the Eaton 
Aims and Francis and Magill’s meningo- 
pneumonitis vims. 

Because of these cross-reactions, A'iras 
isolation should be attempted whereAar 
possible in order to establish a definite 
etiologic diagnosis. Unfortunately, the 
present lack of laboratory facilities makes 
it difficult to attempt Airus isolations from 
large numbers of patients AAith signs and 
symptoms suggestiAm of ornithosis. How- 
ever, a careful history as to contact AAith 
birds, plus the use of acute and conAmles- 
cent phase complement fixation tests in 
properly selected cases, is of considerable 
Amlue in the recognition of ornithosis. 

Human infections haA’e been traced to 
canaries as well as psittacine birds.® 
Chickens, doA^es and many tjqAes of finches 
are also knoAAm to be infected.*® Since 
1941, when it was discoAmred that pigeons 
may transmit ornithosis,** an increasing 
amount of attention has been devoted to 
this species as possible vectors. Studies 
of pigeons from flocks or lofts in California, 
New York and South Carolina haA'e result- 
ed in successful isolations of psittacosis 
ATTUSeS.*® 

Taa'O routes of transmission of infection 
from bird to man are possible. The first 
is via the respiratory tract and the second 
by direct contact AA-ith infected birds. 
Droppings of the parakeet, parrot, pigeon 
and fulmar, harbor the Aims and may be 
responsible for respiratory inA'asion of man 
by dust T\Tien canaries, finches and hens 
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are the source of infection the contact is 
usually direct as in handling of these birds. 

Many persons, such as bird fanciers, 
breeders, pet shop o^vners and veterinari- 
ans, develop ornithosis as the result of 
occupational contact with birds. Apart 
from these occupational infections, the 
majority of reports deal with single or 
multiple cases in the households of people 
who have recently purchased infected 
birds. Children are less susceptible to 
infection than adults. It has been noted 
that children frequently escape infection 
following exposure to parakeets that have 
infected their parents or other relatives.^® 
In rare instances human to human trans- 
mission has occurred.®'^ 

The control of psittacosis presents many 
difficulties. Although the importation of 
tropical psittacine birds may be regulated 
by quarantine measures, it is difficult to 
detect inapparent infections and parrots 
may be carriers of the virus for many 
months. Prolonged periods of isolation 
are essential. 

Aviaries yielding infected birds are 
quarantined and necessary steps are then 
taken to destroy the entire flock and dis- 
infect the premises. Because of the fre- 
quent interchange of birds by dealers and 
bird fanciers, it is often difficult to trace 
chains of infection from one aviary to 
another. 

Latent infection in some aviaries may 
suddenly become activated when birds are 
subjected to overcrowding, insanitary con- 
ditions, changes in diet or unusual activi- 
ties such as a change in locality.^® Studies 
by the California Department of Public 


Health revealed that the virus was present 
in many aviaries, the infection being either 
latent or active. 

It will be noted that Mrs. C. E. (Case 1) 
was treated with penicillin, 300,000 Oxford 
units having been given each day for 
7 days. Heilman and Herrell® showed the 
protective effect of penicillin on mice ex- 
perimentally infected rvith a strain of psit- 
tacosis Aurus. Turgaseffi^ and Flippin et 
al? reported on the treatment of human 
cases of ornithosis with penicillin. How- 
ever, no definite conclusions concerning 
the efficacy of penicillin should be drawn 
from these isolated cases. It is apparent 
that the second patient (Case 2) made an 
uneventful recovery without the use of 
penicillin. 

Summary. An outbreak of psittacosis 
in Massachusetts is described. Positive 
complement fixation tests for psittacosis 
were obtained from 2 patients, 2 contacts 
without evidence of clinical disease and 
1 additional contact with an illness sug- 
gestive of psittacosis. The virus of psit- 
tacosis was isolated from a sick parakeet 
in 1 of the aviaries concerned in the out- 
break. The 2 patients involved in the 
outbreak recovered. Penicillin was ad- 
ministered to 1 while the other was treated 
symptomatically. 

The apparent rarity of psittacosis as 
suggested by the paucity of reported cases 
indicates either low incidence or failure of 
recognition. Careful histories as to con- 
tact with psittacine or other birds capable 
of transmitting ornithosis, plus the use of 
the complement fixation test, ^vill aid in the 
detection of cases. 
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In 1942 the representatives of the 
Academy of Sciences of the Ukranian 
Soviet Socialist Republic passed a resolu- 
tion that the therapeutic effect of the 
Bogomolets antireticuiar cytotoxic serum 
(ACS) was clearly established in the treat- 
ment of “rheumatism.”® Sokolinski^ con- 
sidered rheumatic disease an allergic proc- 
ess involving active mesenchymal tissue 
and that ACS was indicated to restore 
the normal reactivity of connective tissue 
cells. He treated patients with “acute 
rheumatism” with ACS and reported that 
in most of the cases all rheumatic mani- 
festations in the joints subsided within 
the 1st week. It was further reported by 
Strazhesko® that “In the case of rheu- 
matism, the second period is hyperergic 
and a single injection of the serum in a 
stimulating dose stops the disease.” Be- 
cause of these very favorable statements 
regarding ACS in the treatment of rheu- 
matism it was considered important that 
the further definition of its value be 
obtained. 

Preparation of Serum. The anti- 
reticular cytotoxic serumt was prepared 
in rabbits according to the method of 
Marchuk.^ It had a cytotoxin titer, deter- 
mined by complement fixation of at least 
1:100 and a hemolytic titer below 1:16. 
T)vy lyophilized serum was dissolved in 
physiologic saline shortly before its use. 
No serum was injected after 10 days 


standing in the liquid state, or if the solu- 
tion became turbid. Frequent comple- 
ment fixation tests were made to insure 
potency of the serum. 

Experimental Observations. This 
research consists of 2 parts; (1) observa- 
tions of the effect of ACS as a prophylactic 
and therapeutic agent against pleuropneu- 
monia induced arthritis in rats and (2) 
clinical observation of ACS used to treat 
rheumatic disease especially chronic arth- 
ritis. 

Laboratory Animal Studies. Arthritis 
was produced in rats by the injection of 
pleuropneumonia-like organisms. "IMiite 
rats, each weighing 100 gm., were inocu- 
lated intravenously. One group of ani- 
mals served as untreated controls. Of a 
second group some rats were injected mth 
normal rabbit serum while the test animals 
received potent homologous anti-rat ACS 
especially prepared for this study. In this 
group all serum injections were made 
before inoculation Mth pleuropneumonia- 
like organisms to test its prophylactic 
effect. A third group of rats received 
injections of ACS simultaneously with the 
inoculation of pleuropneumonia-like or- 
ganisms and repeated serum injections on 
the 3rd and 6th day. 

In Table 1 the fate of the rats inocu- 
lated Mth pleuropneumonia-like organ- 
isms otherwise untreated is shown, three 
of the rats developed arthritis, 2 died of 


* Read at the Meeting of The New York Rheumatism Association, New York City, Nov. 22, 1946. 
t Obtained through the kindness of Dr. Harry Goldblatt of Western Reserve Hniversity, CleWand 
Ohio. • ’ ■ - • 
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pleuropneumonia and 1 remained •n'ell 
during the 3 weeks of observation. The 
dependability of pleuropneumonia-like or- 
ganisms to produce arthritis in rats as 
preriously demonstrated by the work of 
Sabin,® Preston et al.,^ Collier- and others 
is thus corroborated. 

The results of attempts to prevent the 
development of arthritis by injecting anti- 
reticular cytotoxic serum prior to inocula- 
tion ndth pleuropneumonia-like organisms 
are shorni in Table 2. Doses ranged from 
0.00005 to 0.00015 cc. Three injections 


after infective pleuropneumonia-like or- 
ganisms. Of the control group receiving 
normal rabbit serum, 3 animals developed 
arthritis, 1 pleuropneumonia and 2 animals 
died. In the group receiving ACS there 
was 1 case of arthritis, 4 deaths from 
pleuropneumonia and 1 rat remained nor- 
mal. As used ACS was of no value as a 
therapeutic agent against the effects of 
pleuropneumonia infection. 

Clinical Investigations. Observations 
were made on patients manifesting differ- 
ent stages of activity of rheumatoid 


Table 1. — Results in 6 Rats op Inoculation of Pleuropnbumonia-likb Oroanisms 


Result No. animals 

Died of pleuropneumonia rrithin 5 days .... 2 

Arthritis of joints of hind legs 3 

Well after 3 Tveeks 1 


Table 2. — Result in Rats op ACS Normal Serum Injections Given 9, 6 and 2 Days 
Prior to Inoculation With Pleuhopneu.monia-like Ohganis.ms 


Dosage 

(cc.) 

0 00005 X 3 
0 .00005 X 3 
0.0001 X 3 
0 0001 X 3 
0 00015 X 3 
0.00015 X 3 


Normal serum 
Died on 7th day 
Arthritis 
Died on 5th day 
Pleuropneumonia 
Died on 12th day 
Died on 12th das' 


ACS 

Died on 5th day 
Died on 5th day 
Died on 12th day 
Normal 
Arthritis 
Arthritis 


Table 3.— Results in Rats op ACS and Norsul Seru.m Injections Given Simultaneously With 

Pleuropneumonia-like Organisms 


Dosage 

(co.) 

0 00005 X 3 
0 00005 X 3 
0 0001 X 3 
0 0001 X 3 
0.00015 X 3 
0 00015 X 3 


Normal serum 
Died on 7th daj’* 
Arthritis 
Arthritis 
Died on 5th day* 
Arthritis 
Pleuropneumonia 


ACS 

Normal 

Died on 5th day 
Died on 5th day* 
Arthritis 

Died on 5th day* 
Died on 5th day* 


* Three injections planned: animal died after the second injection. 


were given 9, 6 and 2 days before the intro- 
duction of the infective material. In the 
control group receiving normal rabbit 
serum, 4 of the rats died, 1 developed 
arthritis and 1 developed pleuropneu- 
monia. In the group receiring potent 
ACS scnira, 3 of the animals died, 2 de- 
veloped artliritis and T remained normal. 
It appears from this study that with the 
technique used, ACS teas of na value in 
pretenting arthritis caused bp plcuropncu- 
vtoniadike organisms. 

Table 3 shows the results of serum, in-: 
jeetion given simultaneously with and 


arthritis and ankylosing spondylitis. At 
interi’als of 3 or 4 days A(3s was injected 
subcutaneously. The doses were origin- 
ally 0.5, 1 and 1.5 cc.; later these doses 
were frequently reduced to 0.3, 0.6 and 
0.9 or 1 cc. After intervals of 4 to 6 weeks 
many patients receii'ed a second series of 
injections, some a third series, and several 
a fourth series of injections similarly. Mo 
changes in other treatment preriously ad- 
ministered, which often consisted of physi- 
cal therapy and salicylates, were made 
c.xcept that .5 patients were hospitalized 
during treatment. 
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Twenty-nine patients were thus treated 
with ACS; 24 patients received 2 or more 
series of injections. Fourteen patients 
were injected in a similar manner with 
normal rabbit serum having no antireticu- 
lar cytotoxic activity. In many instances 
it was not known until after evaluation 
of results whether the serum used was 
ACS or’ normal (control) serum. Some 
patients treated with ACS were at another 
time likewise injected with normal rabbit 
serum, also given as further control. 

Changes in symptoms and physical 
signs were carefully noted before and after 
each series of injections; many patients 
were observed for 6 months or longer after 
treatment. The alleged stimulation of the 
connective tissue was followed. The dis- 
persion of trypan blue injected intrader- 
mally, which Tatarinov® considered to be 
a dependable index of the activity of con- 
nective tissue as a physiologic system, was 
observed 90 times in 30 patients. A rapid 
spread of the dye was reported to indicate 
stimulation of the connective tissue. Al- 
though potent ACS was used, no con- 
sistent increase in the diffusion of intra- 
dermal trypan blue dye was noted. 
Furthermore the diffusion varies consid- 
erably depending upon the depth of injec- 
tion which could not always be controlled. 
Because of these facts the reliability of 
this test was doubted, and so it was 
abandoned. 

Other laboratory tests that have been 
suggested as indices of acti\'ity of the 
connective tissue are changes in (periph- 
eral) blood morphology, especially an in- 
crease in monocytes and a decrease in the 
erythrocyte sedimentation rate. In all 
patients a total and differential white 
blood count and erythrocyte sedimentation 
rate were determined prior to and follow- 
ing each course of injections. In most 
cases there was no change in blood morph- 
ology. Of the 29 patients who received 
ACS, only 5 showed an increase in mono- 
cytes after injection. The increase ex- 
ceeded 4% in only 1 instance — when a 
7 % monocytic response was observed 
.24 hours after injection of ACS during 


the time this patient exhibited a moderate 
tissue inflammation at the site of injection 
accompanied by systemic fever of 100° F. 
The monocyte count subsequently fell to 
1% and ndth further ACS treatment the 
number of monocytes remained at 2 % of 
the total leukocyte count. The erythro- 
cyte sedimentation rate gradually rose in 
10 of the 29 patients treated; in 2 cases 
there was no change, in 17 patients there 
was a gradual fall in sedimentation rate 
during and after treatment. 

Reactions. Inflammatory reactions at 
the site of injection were common. Forty- 
six per cent of the ACS treated patients and 
36% of the patients treated with normal 
rabbit serum manifested some degree of 
local reaction characterized by heat, swell- 
ing, tenderness and usually followed by 
pruritus. Most reactions occurred follow- 
ing the second or third injection. Inflam- 
mation usually started within 24 hours 
and disappeared within 72 hours. In 4 
ACS treated patients systemic reactions 
evidenced by chills, fever, malaise and 
occasional axillary lymphadenopathy oc- 
curred. One patient developed general- 
ized urticaria during the first series of injec- 
tions. No systemic reactions occurred in the 
patients injected vdth normal serum. No 
relationship was noted between clinical 
improvement and the severity of reaction. 

Clinical Results. Table 4 summar- 
izes the clinical evaluation of 29 patients 
treated with ACS and 14 patients injected 
with normal rabbit serum. Three patients 
who received ACS improved symptomati- 
cally. Three showed objective improve- 
ment; in 16 there was no change and 7 
became worse. Of the control group (in- 
jected with normal rabbit serum) 1 in- 
dividual improved s;^Tnptomatically; 2 
objectively; 7 revealed no change and 4 
became worse. 

Comment. Of the 3 patients showing 
definite objective improvement after in- 
jection of ACS, 1 presented a problem in 
diagnosis; differentiation between rheu- 
matic fever and early rheumatoid arthritis 
could not be definitely made. The patient 
was 31 years of age; there was a history 
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of “rheumatic fever” 3 years pre^^ously 
vhen he had fever and inflammation of 
many extremity joints. The illness sub- 
sided spontaneously but recurred the fol- 
lo^^•ing year. He had been treated -with 
vaccines and Roentgen ray therapy to the 
spine for early spondylitis rhizomelique. 
There was roentgenologic e^ddence of 
sacroiliitis bilaterally. '\^Tlen first seen in 
the clinic, he stated that his knees had 
been swollen, painful and stiff for several 
weeks. The vTists, fingers and ankles had 
been stiff. Examination revealed that the 
patient had a temperature of 102° F. 
The knees were inflamed, tender and 


white blood cell count fell to 6300 u-ith 
67% polymorphonuclears, 31% lympho- 
cytes and 2% eosinophils. The trypan 
blue index remained 13. After 3 weeks a 
similar series of ACS injections were 
given. The patient felt so well that he 
neglected returning to the clinic. \^Tien 
seen 4 months later he stated .that his 
joint pains and swelling had completely 
subsided 3 weeks after the last injection. 
On examination there was no eHdence of 
joint disease. His sedimentation rate at 
this time was 10 mm. per hour, the leuko- 
cyte count was 7500 with 66% poly- 


Table 4.— Evalcatiox of ACS and Normal Rabbit Serum Used in Treatment of 

Patients With Arthritis 



S^Tnptomatic 

Objective 



improvement 

improvement No change 

Worse 


AnliTeticulaT Cytotoxic Serum 


Rlieumatoid arthritis: 




Early 

. . 1 

1* 1 

0 

Mod. advanced . 

. . 0 

0 5 

3 

Advanced 

. . 0 

1 6 

2 

Juvenile . 

. . 0 

0 0 

1 

Spondylitis: 




Mod. advanced . 

. . 1 

0 0 

0 

.advanced 

. . 1 

1 4 

1 

Totals (29 cases) 

. . 3 (10.2%) 

3 (10.2%) 16 (55%) 

7 (24%) 


Control Rabbit Serum 


Rheumatoid arthritis: 




.A.dult 

. . 1 

2 6 

4 

Juvenile 

. . 0 

0 1 

0 

Totals (14 cases) . 

. 1 (7%) 

2 (14%) 7 (50%) , 

4 (29%) 


* Diagnosis not certain — ? rheumatic fever. 


swollen with excessive s.\'no\'ial fluid. 
There was no loss of passive motion in 
the wrists, fingers or ankles although at 
the extremes of motion there was pain. 
Laboratory findings ineluded erj'throcyte 
sedimentation rate — 3t) mm. per hour 
(Westergren) : white blood count 6900 
with 76% polymorphonuclears, 22% lym- 
phocytes and 2 % eosinophils. The trj-pan 
blue index before ACS therapy was 13. 
The patient was treated vath a series of 
4 injections of ACS increasing from 0.25 
to 1 .25 cc. following which the joints 
were slightly more comfortable; there was 
little change objectively. The sedimenta- 
tion rate rose to 42 mm. per hour; the 


morphonuclear cells, 32% lymphocytes, 
1 % monocytes and 1 % eosinophils. 

The second patient, age 62 years, had 
had rheumatoid arthritis for 18 years. 
He had been treated in the clinic uath 
physical therapy, gold salts, vaccines and 
high dosage Htamin D orally. He did 
not improve, so agreed to enter the hospi- 
tal for further treatment. He was brought 
to the hospital in a wheel chair, unable to 
walk. There was advanced involvement 
of the knees, hips, spine, hands, shoulders 
and feet. The erythrocjrie sedimentation 
rate was 136 mm. per hour. The patient 
was given a course of ACS injections rang- 
ing up to 2 cc. Tliere were no local rcac- 
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tions. Upon completion of this series 
there was a marked subjective and objec- 
tive improvement, the joint synovitis sub- 
sided. The patient began to walk. The 
sedimentation rate reduced to 122 mm. 
per hour. A second course of injections 
of ACS was given 2 months later and a 
third 1 month after that. The patient 
continued to improve, joint inflammation 
lessened and there was increased range of 
motion. The sedimentation rate fell to 
106 mm. per hour. Examination 1 year 
later revea ed that the improvement was 
sustained. 

The third patient was a man 27 years 
old with advanced ankylosing spondylitis 
of 8 years duration. He had received 
Roentgen therapy over the back and also 
had been treated with nicotinic acid. He 
came to the clinic requesting ACS therapy. 
Motion of the spine was greatly restricted 
and chest expansion was only 1| inches. 
Forward bending while standing with the 
legs straight was so reduced that the 
fingertips were 24 inches from the floor. 
The erythrocyte sedimentation rate was 
83 mm. per hour; leukocyte count 7400; 
there were 64% polymorphonuclear cells, 
30% lymphocytes and 6% eosinophils. 
The first series of 3 ACS injections ranged 
from 0.5 to 1.5 cc. There was a marked 
tissue reaction at the site of injection ac- 
companied by systemic fever of 101.2° F. 
followng the last injection. A second 
series of injections was given 4 weeks later. 
There was no local reaction at this time. 
Five weeks later ACS was given in a third 
series of injections where again there was 
marked local reaction. From the begin- 
ning of the treatment the chest expansion 
increased from Ig to 1| inches and the 
finger to floor measurement improved 
from 24 to 14 inches. The erythrocyte 
sedimentation rate gradually fell to 39 mm. 
per hour. The patient stated he felt much 
stronger, had no back pain, was less handi- 
capped getting in and out of an automobile 
and could carry a suitcase for the first time 
in many years. Mflien reexamined 2 
months later it was found that the im- 
provement had been maintained. At this 
time the patient admitted tliat through- 


out the course of ACS therap}' he had 
been doing daily breathing exercises and 
calisthenics which he had overheard were 
advised to other patients. 

Observation over a period of several 
months shoAved the symptomatic improve- 
ment experienced by 3 patients to be only 
temporary. 

Discussion. Evaluation of any method 
of therapy for arthritis is difficult indeed. 
The natural changes in the course of the 
disease leading to improvement must 
ahvays be considered. No effort Avas made 
in this study to evaluate the psychogenic 
factors which are known to influence the 
progress of rheumatoid arthritis. The 
improA’^ement noted in the third case may 
be assumed to be due in part to .exercises. 
The fact that objective improvement oc- 
curred in 2 patients of the control group 
suggests that benefit observed in the ACS 
treated cases may not be due to the anti- 
reticular cytotoxic characteristics of the 
serum but rather to a non-specific serum 
effect. 

There have been relativelj’^ fcAV studies 
of ACS used in the treatment of rheuma- 
tism. Bach^ treated 48 cases, 32 hospi- 
talized patients and 16 clinic patients. 
Besides rheumatoid arthritis the illnesses 
treated A\dth ACS included rheumatic 
fever, gonorrheal arthritis, osteoarthritis 
and non-articular rheumatism. Clinical 
improvement Avas noted in 14 cases (29 %) ; 
in 7 patients improvement Avas classified 
as “definite,” in 7 others "slight.” Bene- 
fit Avas mainly subjective and in many 
cases relapses occurred after a short time. 

Conclusions. 1. Polyarthritis induced 
in rats by pleuropneumonia-like organ- 
isms was not affected in time of onset or 
scA’^erity by the use of antireticular cyto- 
toxic serum either prophylactically or 
therapeutically. 

2. With the method of administration 
used in this study ACS therapy was of no 
benefit in the great majority of patients 
AAutk rheumatoid arthritis. In the few 
cases apparently improA’ed, benefit was 
usually transient. There was no depend- 
able effect of ACS on the clinical course 
of rheumatoid arthritis. 
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GLYCOGEN STORAGE (VON GIERKE’S) DISEASE PREDOMINANTLY 

INVOLVING THE HEART 

Report of a Case With Histochemical Phosphatase Studies 
By Max Wachstein, M,D. 

PATHOLOGIST 
MIDDLETOWN, NEW YORK 

(From the Laboratories of the Elizabeth A. Horton Memorial Hospital) 


Enlargement of the heart due to 
abnormal gB’-cogen storage is of rare oc- 
currence. The present communication 
deals with a case in which large amounts 
of glycogen were demonstrated in the 
heart and other organs by several histo- 
chemical methods. In addition, the dis- 
tribution of alkaline and acid phosphatase 
in sections of various organs was investi- 
gated. Such a study seemed of particular 
interest in view of the findings of Thann- 
hauser, Sorkin and Boncoddo.^® These 
authors reported on chemical examinations 
a marked decrease in alkaline phosphatase 
activity in the livers of 3 patients who died 
of the hepatic form of von Gierke’s disease. 

Case Abstracts. The patient was a female 
child of Polish-Russian extraction. There 
was no consanguinity between the parents. 
The mother had given birth to 3 children, 
at the age of 19, 20 and 22. These 3 children 
are healthy and developing well. At the age 
of 26 this female child to be reported was 
born. The delivery was without difficulty. 
The infant did not take food well and did 
not gain weight. It also had frequent loose, 
foul smelling bowel movements. At the age 
of 6 weeks the child was admitted to the 
Elizabeth A. Horton Memorial Hospital in 
Middletown, N. Y., under the care of Dr. A. 
Romain. Physical examination revealed a 
poorlj'- nourished, deh 3 ffirated babj’’ weighing 
3910 gm. The temperature was normal. 
The blood count was essentiallj'- normal. 
Several urine examinations revealed absence 
of sugar and acetone. Upon treatment with 
saline infusions, and pectin agar, the babj’- 
gained 430 gm. in 9 daj’-s. The child appear- 
ed to be markedlj’’ improved upon discharge. 
At home she failed, however, to gain further 
weight and did very 'poorly. Four weeks 
later the mother noticed in the morning that 
the child was cj’-anotic and dj'spneic. It 


was dead upon admission to the hospital a 
few hours later. An autopsy was carried 
out 20 hours after death. 

Necropsy. The general appearance of 
the body was that of a ID weeks old female 
baby in a very poor nutritional state. The 
skin was dry and the eyes sunken in. No 
edema or jaundice was noticed. 

The abdominal cavity did not contain 
any free fluid. The liver was one finger 
beneath the costal margin. In the right 
pleural cavity a few cc. of free fluid was 
found. The heart was very considerably 
enlarged and weighed 99 gm. (normal 
23 gfxi.y (Fig. 1.) The pericardial sac did 
not contain any increased amount of free 
fluid. The pericardium was smooth. Dis- 
section of the heart showed no congenital 
abnormalities. The foramen ovale was 
closed. There was marked hypertrophy of 
the ventricles, the left measuring up to 2 cm. 
and the right up to 0.7 cm. in thickness. 
The myocardium, on cut section, had a 
grayish, pale color. The papillary muscles 
were very markedty hj^pertrophied. The 
endocardium was smooth and pale. The 
aorta and coronary arteries appeared nor- 
mal. The lungs weighed 130 gm. The right 
upper and portions of the middle and lower 
lobe were hypo-aerated and dark red in color. 
The left lung contained small patchy areas 
of hjqjo-aeration. The mucosa of the bronchi 
was pale. 

The liver was moderatety enlarged and 
weighed 220 gm. (normal 140 gm.),’' The 
outer surface was smooth and brownish. 
The section oozed a good amount of dark 
red blood and had a fairty uniform reddish 
appearance. The spleen was not enlarged 
and weighed 15 gm. On cut section it was 
purplish and showed the anatomical mark- 
ings well. The adrenals appeared to be 
somewhat atrophic. Thjnnus and pancreas 
were not unusual on gross e,xamination. 

The kidney's were not enlarged, each 
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weighing 20 gm. On cut section thej' ap- 
peared normal. The remaining organs of 
the G. U. tract and of the G. T. tract ap- 
peared gi-osslj" normal. Sections through 
lumbar vertebrae showed moist red bone 
marrow. The brain appeared grossty normal. 

Microscopic Examination: Tissues were 
fixed in '20% formalin and sections stained 
with hemato.xjdin-eosin. Pieces from heart, 
adrenals, kidne 3 's and liver were in addition 
fi-xed in absolute alcohol and in cold acetone. 
Gtycogen was demonstrated with Best’s 
carmine stain and the Bauer-Feulgen stain,* 
as well as b}’- Gomori’s modification of 
Bauer’s technique,*^ 


Kabat and Isewman.*’ The incubation time 
varied from 4 to 48 hours. No counterstain 
was emploj'ed. Lipase activitj’ was demon- 
strated with Gomori’s stain'® with some 
modifications.*' 

Heart. Sections through manj' areas of 
the heart stained with hemato.xjdin-eosin 
appear similar throughout (Fig. 2). The 
muscle fibers are hj'pertrophied and reveal 
vacuolization. In manj' muscle fibers these 
vacuoles appear as large empty spaces. On 
cross-section these empty spaces are sur- 
rounded by a naiTOw ring of pink staining 
sarcoplasm. The nuclei are mostty situated 
at the peripherj’’. Occasionally they appear 



Eio. 1.— The left ventricle of the heart is opened. Hj-pertrophy of the -n-all and p.ipillar 3 - muscles 

is wnspicuous. 


Satisfactory staining for gtycogen was pos- 
sible not onl.v in alcohol and acetone fi.xcd 
ti.'sue but .al.m after fixation in 20% forma- 
lin.’ 

Alkaline phosphatase was demonstrated 
with Gomori’s technique'’ in the modifica- 
tion of Kabat and Furth.” Tlie slides were 
incubated for 12 to 14 hour.s in the substrate 
mixture. No counterstain was used. Acid 
phosjjhafase activitx' wa.s revealed with 
Gomori’s technique” as modified In- IVoIf, 


to be in the center. Gl.vcogen stains reveal 
the intracellular spaces in the muscle fibers 
to be filled bj- fine and coarse granules and 
rods (Fig, .3). Occasional glj-cogen granules 
appear to be Ij-ing outside the mu?ch fibers. 
No gtycogen is pre.sent in the nuclei. 

Alkaline Phosphatase: There is slight 
activity in the nuclei of muscle fibers and 
faint in the remaining remnants of the ear- 
copl.a.=m. The capillaric' and small artcrie.s 
show verj' marked phosphatase activity. 
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Add Phosphatase (48 hours incubation): 
There is distinct phosphatase activity in 
muscle fibers not occupied by glycogen. 
The striations are very prominent (Fig. 4). 
There is considerable actmtj’’ in the nuclei 
of the muscle fibers as veU as of those in 
the connective tissue and vessel walls. 

Lungs. Section through grossly changed 
areas show considerable thickening of alveo- 
lar septa due to infiltration bj' mononuclear 
cells as well as occasional poljTnorphonuclear 
leukocytes. In addition considerable con- 
gestion of capillaries is present. There is 
exudate found in many alveolar spaces com- 
posed of large alveolar cells, smaller mono- 
nuclear cells, and occasional poljTnorpho- 
nuclear leukocj'tes. Glycogen is demon- 
strable in the smaller bronchi in the epithe- 
lium, smooth muscle cells and within the 
cells of cartilage. Mapj' of the large alveolar 
cells contain glycogen granules. 

Liver. Hematoxj'lin-eosin stained sections 
show the liver cells large and vacuolated. 
The cell nuclei mostly occup}' a central 
position. The sinusoids are markedly con- 
gested and occasional Kupffer cells are 
swollen and detached from the wall. Sudan 
stain on frozen section reveals only a verj' 
moderate amount of fat droplets in most 
liver cells. Glj'cogen stains demonstrate 
large amounts of glycogen in the liver cells. 
The glycogen forms small and coarse gran- 
ules and rods. JIanj' of the Kupffer cells 
contain considerable amounts of glj'cogen 
(Fig. 5). 

Alkaline Phosphatase: Nuclei, chromatin 
and nuclear membranes show a fair amount 
of alkaline phosphatase while the cytoplasm 
contains onlj' vcrj’ little. The actintj’ of 
the sinusoidal endothelium varies in differ- 
ent fields. Bile capillaries are not stained 
(Fig. 6). 

Add Phosphatase (4 liours incubation): 
Considerable actmtj' in nuclei and cj'to- 
plasm is seen (Fig. 7). Prominent staining is 
also apparent in the nuclei of bile ducts and 
in the nuclei located in the vessel walls. The 
Kupffer cells exhibit acid phosphatase activ- 
ity. WTien the incubation period was e-x- 
tended to 24 hours complete d.arkening of 
the section occurred obscuring all cellular 
details. 

Lipase Adidly (4S hours incubation): 
Considerable lipase actixity is present, 
localized exclusivelj' in the cj'toplasm of the 
liver cell cords. 


Kidney. No significant changes are seen 
in sections stained with hemato.xj'lin-eosin. 
GIj’cogen stains, however, reveal a con- 
siderable amount of glj'cogen in the distal 
convoluted tubules, Henle’s loops and col- 
lecting tubules. The pro.ximal convoluted 
tubules are apparently free. Some glycogen 
is also present in the glomerular epithelium 
(Fig. 8). 

Alkaline Phosphatase: Conspicuous phos- 
phatase acth-itj-- is seen in the cytoplasm of 
the proximal convoluted tubules. It is most 
prominent at the brush borders. All other 
tubules show phosphatase actixotj’ only -in 
the nuclei. Similarly the nuclei in the 
glomeruli show phosphatase actixoty. Some 
small arteries in the cortex as well as capil- 
laries in the medulla are in addition the site 
of distinct enzj'matic activity (Fig. 9). 

Add Phosphatase (48 hours incubation): 
There is cytoplasmic phosphatase actixnty 
in most of the tubules located in the cortical 
portion of the kidnejT In addition the 
glomeruli are distinctlj' positive. In the 
medulla only the nuclei of the tubules show 
phosphatase actixfity. While after a 4 hour 
incubation period practicallj' no staining is 
seen, slides incubated 24 hours show similar, 
although less marked staining as slides after 
48 hours incubation. 

Adrenals. Hematoxj’lin-eosin stained sec- 
tions show considerable congestion of the 
medulla. Glj'cogen stains reveal a good 
amount of glycogen in the cortical cells and 
large amounts in the cells of the medulla. 
Occasional glycogen granules are present in 
the periadrenal fat tissue. 

Alkaline Phosphatase: There is consider- 
able amount of phosphatase activity in the 
nuclei and cj'toplasm of the cortical cells. 
The zona glomcrulosa stains less intenselj’ 
than the zona fasciculata and reticularis. 
The medullary cells contain a fair amount 
of alkaline phosphatase (Fig. 10). 

Add Phosphatase (4 hours incubation): 
Con.siderable actix'ity is seen in the cortex 
and medulla (Fig. 11). In .sections stained 
for a longer time the inten.=e staining reaction 
obscures all cellular detail. 

Pancreas. The Langerhans i.slands are 
numerous and some of them very large. 
In sections stained with Be.st's carmin, the 
Langerhans islands are outlined as red areas 
due to the large amount of glj'cogen which 
thej' contain. In contrast the acinar cells 
contain only trace.'. Karge amounts of glj'- 
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Fig. 6 



6. - A section of liver stained for alkaline little staiim X 300. 

Nuclei and sinusoids are stained while the cj^oplasm enzymatic actiidty stain 

7. -A section of liver stained for acid phosphatase. The sites ot enz^^^ 

Nuclei and cytoplasm of liver cells reveal acid phosphatase act ^ - present in the 

l^io. S.-Kidnoy. Best's carmin stain for ^ 

capsular epithelium of the glomeruli and in distal com olute -cfKntv The sites of enzj-matic 

Fig. 9.-A section of kidney stained for J X 30. 

activity stain dark. Alkaline phosphatase is present in t e p 


Fig. 

dark. 

Fig. 
dark. 
Fig. 
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cogen are also present in the cells of the 
larger ducts. In sections stained with 
the Gomori chromium hematoxylin-phloxin 
stain, the majority of the cells in the 
Langerhans islands stain blue and therefore 
represent beta cells (Fig. 12 ). 

Spleen. In contrast to the lymphoc3'^tes 
some of the large mononuclear cells contain 
glycogen. 

Lymph Nodes and TMjmns. Occasional 
reticulo-endothelial cells contain gtycogen 
granules, while the Ij'-mphocj'^tes are devoid 
of them. 

Intestine. Smooth muscle cells contain a 
large amount of stainable gl^mogen. In 
sections stained with Best’s carmin, the 
muscularis mucosa stands out as a red col- 
ored band. The nerve cells of the m3'-enteric 
plexus of Auerbach contain large amounts 
of glycogen (Fig. 13 ). 

Diaphragm. In sections stained with 
hematox3''lin-eosin most of the muscle fibers 
appear normal, while occasional ones have 
a somewhat vacuolated appearance. Specific 
stains reveal that these vacuoles are due to 
glycogen infiltration. The other muscle 
fibers contain occasional small glycogen 
granules. 

Brain. Many cells in various sections 
from the brain contain gtycogen in forms of 
fine cytoplasmic gi'anules. The glia cells 
appear to be more involved than the ganglion 
cells. 

Blood-vessels. In all organs many of the 
blood-vessels contain glycogen. It is found 
in the muscle fibers as well as in the endothe- 
lial cells. 

Discussion. In gl3mogen storage disease 
there exists apparentl3'’ a developmental 
defect involving the enzyme s3"stems neces- 
sar3'^ for the transformation of gl3’’cogen 
to dextrose and of dextrose to glycogen. 
The various metabolic aspects of this dis- 
ease have been recentl3’^ discussed b3'’ 
Mason and Anderson,-® Kato,-^ and Bridge 
and Holt.® 

While in the more common form of 
Ton Gierke’s disease, the liver and often 
the lddne3^s are the main site of gl3mogen 
storage, in some of the cases the heart 
IS the site of grossl3^ abnormal gl3T0gen 
deposition. Review of the literature re- 
veals 17 cases in which the presence of 
grossl3' abnormal amounts of gl3"cogen 
was demonstrated in the heart muscle 


without other congenital abnormalities 
either by histochemical methods or chemi- 
cal anal3'-sis (Sprague, Bland and White,®® 
later proven as a typical case;^® Pompe, 
3 cases;®® Putschar;®® Humphre3’^s and 
ICato, 3 cases Antopol, Heilbrunn and 
Tuchman;® Hertz and Jeckeln;^®' Wolff 
Mutgeert;®’' Gardner and Simpson;^® van 
Greveld;®'^ Antopol, Boas, Levinson and 
Tuchman;^ Bonaba, Saldun de Rodriguez 
and Ferreira Beruti;® Scheidegger;®® and 
Schneider.®^) 

In addition, in these patients the liver 
showed also a var3dng degree of grossly 
demonstrable enlargement. Kimmelstiel’s 
case occupies probably an intermediate 
position.®® In this case the liver was 
enormously enlarged due to deposition of 
glycogen, while the heart muscle revealed 
gl3'-cogen infiltration on microscopic ex- 
amination without being distinctly hyper- 
trophic. Most of the children with the 
cardiac form of glycogen disease died 
before reaching the 1 st birthda3’'. Only 2 
patients were reported which attained an 
age of 11 and 15 years respectively.^'^® 

In the present case glycogen was found 
not only in the heart and liver but also 
in man3'’ other locations on microscopic 
examination. This is in full accord with 
the cases reported in the literature in 
which a var3ang amount of glycogen infil- 
tration in different organs occurred. While 
most investigators employed Best’s car- 
min stain for the demonstration of gl3"co- 
gen under the microscope, use was made 
in addition of the Bauer technique in its 
original form and as modified b3^ Gomori. 
As Gomori®® has pointed out, these meth- 
ods constitute a more specific staining 
reaction based on knovm chemical princi- 
ples than the purely empirical Best’s stain. 

In the liver not onl3’' the hepatic cells 
proper but also the Kxipffer cells showed 
large amounts of gl3’'cogen. Cells belong- 
ing to the reticulo-endothelial S3'stem in 
l3miph nodes, spleen and tln-mus also con- 
tained ghvcogen, although less regular]3'. 
Onl3' in the case of Wolff®® were appreci- 
able amounts of glycogen found in Kupffer 
cells and reticulo-endothelial elements of 
the spleen. In all other reports in which 
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mention is made of the KupfTcr cells they 
were found either to be devoid of glyco- 
gen or contained only occasional traces. 
While, therefore, the reticulo-endothelial 
system and particularly the KnpfTcr cells 
do not often participate in the glycogen 
storage, the present case as well as Wolff’s 
report do not permit the conclusion that 
in contrast to Gaucher’s and Pick-Nic- 
mann’s disease the reticulo-endothelial 
system in von Gierke’s disease is not in- 
volved by the abnormal cell metabolism.---* 

No regular distribution within the tubu- 
lar .segments is seen in the kidneys of cases 
with glycogen disease. Tin's lias been 
pointed out by Wolff** and von Gierke.’’ 
In contrast, in the diabetic kidney the 
glycogen is fouml in the terminal segment 
of the proximal convoluted tubules and 
to a Ics.scr degree in tlie ascending limbs 
of Hcnlc’s loop.’® l\’ith the maceration 
and dissection tcchnicpic, Oliver found no 
localization to any particular jiart of the 
nephron in von Gierke’s disease, for col- 
lections of glycogen containingccllsarcscat- 
tcred irregularly throughout all its parts.” 

Glycogen deposition in the brain has 
been described in several instances.”-’’’' 
In the present case in addition cells in the 
nervous plc.vus of the intestinal tract par- 
ticipated in the aimonnal storage. In 
cases of amaurotic family idiocy (Tay- 
Sachs disease) Globus" found abnonnai 
lil>oid material not only in the central 
ner\-ous ,syst<-m lint also in the nerve 
of the abdominal viscera, including the 
gastro-intestinal tract. 


with von Gierke’s disc.asc with muscle and 
liver ptiosphorylase preparations, observed 
only littlebre.akdovm of thcstableglycogen. 

The changes noticed in the pancreas 
deserve some comment. While in :i num- 
ber of reports no mention is made of the 
pancreas, no significant changes were re- 
corded by Humphreys and Kato, in o eases 
of the cardiomegalic tyjK;'’ and by Hertz 
and Jcckcln*® and Antopol and co-\vork- 
ers* in another case of this type. Voti 
Gierke stressed the !d)sence of changes in 
the Langerhans islantls in 2 cases of the 
hepatomegalic type.”-*® On the other 
hand, in 2 cases of tlic nttt-r fy})e de- 
scribed by Krakauer” and in a similar 
case reported by Ksscr and Seheidegger' 
the islatwls were found to be large and 
abundant. Similarly enlarged islands 
were seen in the case of the c:irdiomcg.alic 
type obser\-ed by .‘''<-hci<!egger'’ and 
Schneider" anil in tin- ca^e of Kimmel- 
sticl.” FalH?r in a case of the hepato- 
megalic type found the number of islamb 
diminished and some very large.’ 

The significance of tlie hyperplastic 
changes in the i.dands of I-Jingcrh.-iris i' 
difficult to evaluate. Changes of this kind 
are found in newliom babic-s from mothers 
witii diabetc-s*' and those who tlevclop 
signs of diabetes mellitus later*' as well. 
It is al'O sometimes found in infants suf- 
fering from erythrobk-isto-is.’' However, 
IiyjM-rjrkisia of the Lanuerliatis i-laiid' 
ocf'iirs occ.-ision.'dlv in infants vitliont 
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In view of the fact that hyperplasia of 
the Langerhans islands appears to occur 
fairly frequently in glycogen storage disease, 
one might speculate as to a possible con- 
nection with increased demand for insulin. 

Ingestion of carbohydrates provokes in 
many patients with von Gierke’s disease 
an abnormally high and persistent rise of 
blood sugar. It is possible that the hyper- 
plasia of beta cells indicates increased 
insulin production called upon to depress 
the increased amount of the sugar in 
circulation. 


Summary. The 18th proven case of von 
Gierke’s disease with marked enlargement 
of the heart is described. On microscopic 
examination glycogen storage was demon- 
strable in the cells of various organs, 
including the brain, the nerve cells in the 
myenter c plexus of the intestinal tract 
and the Kiipffer cells of the liver. The 
histochemical distribution of alkaline and 
acid phosphatase in liver, kidney, adrenal 
and heart was found to be normal. Mark- 
ed hyperplasia of the Langerhans islands 
in the pancreas with preponderance of 
beta cells was present. The significance 
of these findings is discussed. 
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STUDIES OF CRYOGLOBULINS 

I. UNTJSUAI, PURPtJBA ASSOCIATED WITH THE PRESENCE OF A HIGH CONCEN- 
TRATION OF Cbyoglobijun (Cold Precipitable Serum Globulin)* 

]Jv Aaron JirNSE.v Ler.ver, AI.I)., Pii.D.f 

ASH 

Cecil James Watson. M.I).. I’ilI). 


r«orn‘^‘^on or Mrnrci.vr. t 
irrx.vKAroLis, 

{From the Dcpartmoiit of ^fcdiWnc, 

The literature enntains Liit sparse refer- 
ence to cases of [)iirpiira associated with 
cold preeipitahle seniiii filolitdins. There 
are only 0 reports of proteins precipitat- 
in/r spontam'onsly from serum (nsiially 
cooled),-’^ ’ '^^■■‘•‘’■'^•'^■'■Pnrpiira was observed 
in 2 of these cases.’''-'’ 

There are .‘1 reports on the assoeiation 
of pnrpnra and hyperploiniiinemia.'"’ ” 

In I of the paj)ers,"' a viscous senirn pro- 
tein is reported. 

Tlie purpose of the present paper is to 
report an tinustiai case and discti.ss some 
of its iini)lieations. The chemical charae. 
teristies of tlie protein ohserved in tin's 
case have been descriix’d in <ietail else- 
where." 


•.vrviaisiTV or mi.s-nc-hta 
MIN-NKSOTA 

triiivcr.-i(y of Minii("-ola Ho-pitnli 

pin-j)oinf fiat rash on his ankles, ‘■lJe<l 
hiisters" formed, wiiieh later tiirneil l)laek 
and finally fell off, lea vim: .a pianieiited are.a. 
He heirnii to notice that he was vciy- sete-i- 
tive to eold. .\ cold wind or (wpisiire to 
cold of any .sort profhieed pain and svellim: 
in the exj>osed parts. It was la'ces-ary for 
him to wear hoa\'y iinderwe.ar and an iimi'iial 
aniount of clothini: to keep warm. 

He e.\(K'rienccd aiiotlxT attack of sliarj) 
pain .across (he rpignstriiiiii in April 
This lastetl for aixait 1 week and was similar 
to the first fine. AL'.'iin tliere «as no jaiindii-c. 

In 1!>37 tlie purpuric ."kin !e-ion- extended 
up to and irieliidefi the kma'--. 'I'he Icsiori' 
nanained nnchaim’i'fl until Jh-iii. At this 
time the.v he^.an tosfire.'ol .asjain .ami iri\'o!ved 
the ears, thiirh-. aiidomen, huttoek" and 
serfituin. He w.as not aide tfi secure an.v 
nfleoiirite nif-die.-il exol.-ioation for fhe-i- 
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5 years younger has an enlarged heart and 
prostate. One sister is a diabetic. 

The patient was happily married since 
1917 and had 3 children, all living and well. 
Until 1934 he was a broom manufacturer 
and real estate agent. In 1934 he began 
working in a hard-rock mine in Montana, 
where he was exposed to ore containing lead, 
zinc, copper, silver, gold, bismuth, arsenic 
and sulfur. 

On physical examination in July 1942, the 
blood pressure was found to be 108/72. The 
pulse and temperature were normal. There 
was marked narrowing and sclerosis of the 
retinal arterioles, but there were no retinal 
hemorrhages. Examination of the lower 
extremities revealed extensive subcutaneous 
hemorrhages of various age, the majoritj'^ 
being old. He had edema of the feet and 
ankles. There was considerable brownish 
pigmentation of the skin of the lower legs. 
The purpuric lesions were also present on 
the ears, abdomen, buttocks and scrotum. 

The laboratory findings in July 1942 were 
as follows: Urinalysis and serologic tests 
for syphilis were negative. The hemoglobin 
vas 13.8 gm. %. The blood platelets were 
118,000, 201,000 and 196,000 per c.mm. on 
3 successive occasions. Blood smears were 
' negative. The bleeding time, clotting time, 
clot retraction and prothrombin time were 
well within normal limits. The blood urea 
nitrogen was 32 mg. per 100 cc. Fasting 
blood sugar, cholesterol, phosphatase, ascor- 
bic acid, serum bihrubin, calcium and phos- 
phorus were all within normal limits. The 
basal metabolic rate was —5. The brom- 
sulfalein liver function test showed a “Grade 
1 ” dye retention. Gastric analysis revealed 
a total acidity of 48 units with free hydro- 
chloric acid of 30 units; the total quantity 
was 150 cc. A chest Roentgen ray film was 
negative. 

The diagnosis in 1942 was “cold allergy.” 
The patient was desensitized to histamine 
phosphate and given vitamin P, but without 
apparent relief. 

About_4 months later, on Dec. 1, 1942, he 
was admitted to the University of Minnesota 
Hospital. He complained of severe pain in 
the left lower chest, accompanied b}'^ d 5 '’sp- 
nea, cough, blood-streaked sputum and fever. 
These symptoms were noted first about 
- months prewously. He had had severe 
attacks of precordial oppression and dysp- 
nea on November 3, 13 and 30. After that 


time, he had precordial distress upon exer- 
tion. The purpuric lesions on the extremities 
were increasing. 

In December 1942 the blood pressure had 
increased to 156/94, The temperature was 
98.4°, pulse 90 and respiration 20. There 
was slight dullness, diminished breath 
sounds and diminished tactile fremitus at 
the base of the left lung posteriorly. The 
heart was slightty enlarged to the left, 
cardiac rhythm was regular and no murmurs 
were heard. The liver was palpable 2 err. 
below the right costal margin in the mid- 
clavicular line. There was a slight pitting 
pretibial edema. A finely mottled brown 
pigmentation was noted on the ears, hards, 
wrists, feet, legs, thighs and about the waist. 
There were fresh peteclna? on both legs. 

Urinalysis revealed a 1-}- to 2-f- albumin 
with an occasional leukocyte. The herro- 
globin was 11.2 gm. per 100 cc. of blnod. 
The leukocyte count was 10,900, 64% r.cv- 
trophils, 26% lymphoc 3 ’-tes, 1% basophils 
and 9% eosinophils. Serologic tests for 
syphilis were negative. The blood urea 
nitrogen was 25 mg. %, There was only a 
trace of serum ascorbic acid. The prothrom- 
bin time and coagulation time were normal. 
Bleeding time was 7.5 minutes. The cuff 
test was positive. The platelet count was 
165,000 per c.mm. Sedimentation rate was 
36 mm. in 1 hour (Westergren method). The 
Aotal capacity was 2000 cc., and the venous 
pressure was 13.5 cm. of water. 

A chest Roentgen ra}’’ revealed generahzed 
cardiac enlargement, a tortuous aorta, 
bilateral congestion of the lungs, and a small 
amount of fluid in the left pleural ca'sdty. 
A roentgenk 3 mogram showed no e%ndence 
of myocardial infarction. Electrocardio- 
graphic studies revealed a pattern suggesting 
left ventricular strain. A biops}’’ of the skin 
showed what was interpreted as a “capil- 
laritis.” This consisted of moderate round 
cell infiltration about the capillaries in the 
purpuric areas. A deltoid muscle biopsj^ 
gave negative findings. 

The patient was confined to bed and given 
100 mg. of vitamin C twice dail}'. It was 
found that he was sensitive to moccasin 
snake venom, and attempts made to desensi- 
tize him were without benefit. His cardiac 
condition gradualty improved, and the ven- 
ous pressure fell to 7.5 cm. of water. He 
was discharged on Jan. 30, 1943, and ad\'ised 
to take 500 mg. of hesperidin 4 times daity. 
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The term cryoglobulin is thus suggested to 
represent a group of inoieins with the com- 
mon property of precipitating (or gelify- 
ing) from cooled serum. This is similar 
to the use of the term Bence-Jones proteins 
to represent a group of proteins precipitat- 
ing at 60'^ C. The cryoglobulins may pre- 
cipitate at room temperature if they occur 
in high concentration. 

With respect to solubility, ultraviolet 
absorption spectrum and nitrogen content 
the protein from the serum of the case we 
described resembles the 7 globulins. How- 
ever, this protein, unlike the 7 globulins, 
is soluble in water but insoluble in dilute 
salt solutions. So far as could be deter- 
mined,^ the molecular weight and Au'scosity 
are greater than those of tlie 7 globulins. 


precipitates in the capillaries of those 
areas where the temperature falls sig- 
nificantly below 37° C, 

Discussion. As mentioned previously 
the literature contains but 9 reports of 
proteins precipitating spontaneously from 
serum. There are 3 additional references 
on the association of unusual serum pro- 
teins and symptoms similar to those pre- 
sented by the present case. A brief de- 
scription of these cases is given in Table l.f 
The cases of Waldenstrom^® and Shapiro 
ci al}° did not show any cold-precipitable 
proteins and the globulins responsible for 
the hj^perglobulinemia should therefore 
not be called cryoglobulins. The purpura 
in these cases, however, may have been 



Fig. 1.— Pliolomicrograpli of renal biopsy from Case J. P.. to show the extent of the chronic glomerulo- 
nephritis on Nov. 24, 1943; hcm.atoxylin and eosin, X 90. 


In 0.9 % saline at body temperature this 
protein is very soluble but at room tem- 
perature it is almost completely insoluble.* 
It seems possible that the acropurpura and 
marked sensitivity to cold could be due to 
stasis secondary to increased viscosity, or 
d Js even possible that the cryoglobulin 


due to stasis in the peripheral capillaries 
on tlie basis of increased blood viscosity 
or rouleau.v formation as a result of the 
hyperglobulineraia.®-® Anderson and Sam- 
uelson^ did not report Avhether or not the 
scrum from their patient contained any 
cold-precipitable proteins. All of the other 


The solubility measurements were made at pH 5.7, the isoionic point of the protein. It is likely that 
the protein would bo more soluble at the pH of blood, 
t A case of periarteritis nodosa witlr cryoglobulinemia and some clinical findings similar to the case 
has recently been reported by B. Shapiro and E. Wertheimer (Brit. J. Exp, Path. 27 
-2o, 19-10). ' ' 


voi,. 21-t. N'o. 4 — ocTonnn. 10-17 


1.5 
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reports included in Table 1 specified pro- 
teins which precipitated on cooling. 

Waldenstrom speculates that his pa- 
tients with purpura and hyperglobulineinia 
may have chronic virus disease.’’-'® He 
believes that the mechanism of the in- 
creased globulin formation is analogous 
to the predominant formation of virus pro- 
tein in a plant infected with tobacco 
mosaic wus. It seems more logical to 


abnormal serum globulins, especially cryo- 
globulins. Thus “purpura cryoglobulin- 
emica ” may be recognized as a sub-group 
of Waldenstrom’s “purpura hyperglobu- 
lincmica/’ the former being a more quali- 
tative and the latter a more quantitative 
designation. 

The site of formation of cryoglobulins is 
unknoATO, but there are 2 indications that 
they may be produced in the liver. As 


Table 1. — Cases Similaii to the Phesent Instance Either With Respect to Unhshai. 
Sehu.m Photeins, Sia[pro.MAToi.OGr, on Born 


Obsen-cr 

Diagnosis 

W^introbo and 

Multiple myeloma (pre- 

Buell 

viously diagnosed ns 


Raj-naud's disease) 

Schumacher, 

Multiple mA'cloma 

Williams and 

CoUrin 

A'on Bonsdorff, 

Multiple myeloma 

Groth and 

Packalen 

Bing 

Multiple myeloma 

Holmberg and 

Chronic rheumatic infec- 

Gronwall 

tious arthritis and 

Stein and 

spondylitis 

Kaia-azar (dogs and hu- 

Wertheimer 

mans) 

Atlas, Gorden 

“Liver disease” 

• and Bunata 

Shapiro, Ross 

Multiple myeloma 

and Moore 

Waldenstrom 

"Incipient myelomatosis 

Waldenstrom 

or essential hyperpro- 
teinemia” 

" ikzrpura hyperglobulin- 

Anderson and 

emica” 

(No diagnosis established) 

Samuelson 

Elemberg and 

(No diagnosis established) 

Lehmann 


Lerner and Cryoglobulinemia and 

Watson cardiovascular renal 

disease 


Protein 
ppt. cone. 

Some of (lie signs nnd symptoms (gm. %) 

Cold sensitivity, blanching of skin, pecu- 7.25 
liar mottling of extremities, nose bleeds, (plasma) 

oozing of blood from tongue and gums, 
thromboses of retinal t-eins 
Epistaxis, rectal and vaginal hemorrhage; 

Scrum protein “coagulated on exposure 
to air” 


Bleeding of gums on slight pressure, slight 
retinal bleeding, congestive heart fail- 
ure 


(No information railnble) 

(No information available) 

1.3 

(plasma) 

(No information available) 

0-1.4 

(No information available) 

(serum) 

Ooozing of blood from gums, occasional 

4.2 

grossly bloody urine, numerous pur- 

(serum) 


puric spots, occasional vaginal staining 
Joint pain, nose bleeds and lij-perglobu- 
linemia 


Chronic purpura of extremities and hyper- 
globuUnemia (3 cases) 

Blue-x-iolet discoloration of hands, feet, 
nose and ears; “multiple septic emboli 
and thrombi of retina;” joint pains; 
byperglobulinemia 

Sensitivity to cold, purpura beginning 1-3 
on legs, arms and face which gradually (serum) 
become severe 

Extensive aero purpura, oozing of blood 0.8 
from gums and nose, congestive heart (serum) 
failure 


assume, however, that cryoglobulin forma- 
tion may be the result of any one of several 
etiologic agents, c. g., infection (virus and 
bacteria), malignancy, hepatic cirrhosis, 
etc. 

The reports which are summarized in 
Table 1 emphasize the association of 
purpura, or hemorrhagic tendency, with 


Avill be noted in Paper II which follows; 
small amounts of crj^oglobulins appear in 
some cases of congestive heart failure with 
enlarged livers. Second, it has recently 
been noted that the cirrhotic liA'ers of 
mice poisoned with carbon tetrachloride 
contain cold precipitable proteins.* 


* N. Kretchmer (to be published). 



LEENER, WATSON: STUDIES OF CRYOGLOBULINS 


415 


It is of interest to note that the muscle 
protein, myosin, has solubility properties*^ 
similar to the cryoglobulin in the serum 
of the case just described. Myosin, how- 
ever, has a much smaller molecular weight. 

Summary. 1. An unusual case is re- 
ported in which purpura and sensitivity 
to cold were associated with a cold pre- 
cipitable serum protein. 

2. Similar cases previously reported are 
reviewed and discussed. 

3. It is suggested that abnormal globu- 
lins may produce purpura, thrombosis. 


oozing of blood from mucous' membranes 
and sensitivity to cold as a result of their 
concentration in the blood and more par-; 
ticularly, their unusual solubility prop- 
erties. 

4. The term cr 5 mglobulin is proposed 
to represent a group of proteins having 
the common property of precipitating (or 
gelifying) from cooled serum. If these 
proteins are in the serum in high concen- 
tration, they may precipitate spontane- 
ously at room temperature. 
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The literature contains but few reports 
dealing nuth the spontaneous precipitation 
of protein from serum. Serum turbidity 
due to precipitated protein may have been 
mistakenly considered lipid in nature in 
some instances. 

Serum from normal fasting subjects is 
usually clear. When obtained 1 to 3 hours 
after a meal, it is generally turbid due to 
an increase in serum lipids. It has been 
reported*- that the precipitate noted at 
times in cases of nephrosis consists largely 
of cholesterol with a small amount of 
protein. 

When sterile serum is allowed to stand 
for several months, it usually becomes 
turbid due to a separation of lipids and 
protein from the" colloidal state. 

The present investigation has been con- 
cerned mtb the nature and significance, 
as well as the rate and degree, of sponta- 
neous precipitation of protein from serum 
at 5° C. As noted in Paper I, the term 
cryoglobulin is proposed for the group of 
proteins hawng the common characteristic 
of precipitating in the cold. If the cryo- 
globulins occur in high concentration they 
may precipitate from serum at room tem- 
perature as in the case of purpura de- 
scribed in Paper I. • 

Material and Methods. Serums from 121 
patients with a varietj’’ of pathologic condi- 
tions were studied. The serums from 35 
conscientious objectors and 5 medical stu- 
dents served as controls. All blood samples 


were obtained in the fasting state in the 
morning. The serums were placed in a 
refrigerator at 5° C. and obsen^ed once dailj' 
for C da)-s to determine the presence or 
absence of cryoglobulin. One should be 
careful not to mistake a delayed fibrin clot 
for cryoglobulin precipitate. A fibrin clot 
will form as a discrete mass with the appear- 
ance of a gel which will not dissolve on 
warming to 37 “ C. The crj'oglobulin precipi- 
tates, however, are composed of small dis- 
crete white particles which dissolve when 
the serum is warmed to 37° C. 

If a precipitate formed in the serum, it 
was separated by centrifugation at 9° C. 
Further purification was attained by mixing 
the precipitate with 0.9% saline at 37° C. 
The precipitate would usualty dissolve and 
reappear when the solution was cooled. 
This process was repeated twice, and the 
precipitate was finalty dissolved in 0.01 N 
HCl for the purpose of further studies as 
noted in the following. 

The cephalin-cholesterol test of Hanger’ 
and the serum dilution test® were carried 
out on most of the serums studied. Accord- 
ing to Hanger and co-workers^ the gamma 
globulin fraction is responsible for the floc- 
culation of the cephalin-cholesterol emulsion, 
the negative reaction in normal indmduals 
being due to inhibition b}*^ normal constitu- 
ents of the albumin fraction. It seemed 
desirable to ascertain whether there was any 
correlation between a positive cephalin- 
cholesterol test and the appearance of a 
ciyoglobulin. The cephalin-cholesterol tests 
were not carried out on the control serums, 
which were assumed to be negative. 

The serum dilution test is used to deter- 


* Present address: Biochemistr}- Section, Medical Diidsion, Army Chemical Center, Edgewood 
Arsenal, Maiyland, 
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mine an increase in euglobulins.® In this 
test the serum is diluted 100 times with dis- 
tilled water. If there is an increase in 
serum euglobulins, a precipitate will appear 
in the diluted serum. According to Plotner® 
all serums giving a positive dilution test also 
give a positive Takata-Ara reaction. The 
dilution tests were made on most serums 
(including all control serums) to determine 
whether or not there was an}'- relation be- 
tween an increase in euglobulin and the 
presence of a cryoglobulin. 


possible, how'ever, to carry out some stud- 
ies on 9 protein preparations from Grade 2 
serums redissolved in dilute hydrochloric 
acid (Samples 2 to 10 in Table 2). The 
findings are given below. 

Solubility. All of the protein prepara- 
tions except No. 9 dissolved when mixed 
in 0.9% saline at 37° C. On cooling, the 
cryoglobulin reprecipitated. None of the 
warm saline solutions, however, was com- 
pletely clear. 


Table 1.— Occurkence of Cryoglobulin Precipitate in Pathologic Serums Cooled to 5 ° C 


Grade 

1 

2 

3 


Cryoglobulin 
concentration 
(mg. %) 

Trace to 6 
G to 25 
Over 25 


Time for appearance 
of precipitate 

24 hours — 1 week 
24 hours 

Immediately after cooling* 


* If present' in high concentration (Grade 3), cryoglobulin may precipitate before the serum is cooled 
to below room temperature. 


Results. The pathologic serums were 
classified in 3 grades with respect to cryo- 
globulin precipitates as shov'U in Table 1. 

Spontaneous precipitation of protein oc- 
curred in 31 of the 121 cooled serums ob- 
tained from the same number of cases of 
various diseases. Only 1 of the 31 positives 
was of Grade 3; this was the case described 
in Paper I. Twelve positive serums were 
of Grade 2. The remaining 18 positive 
serums were of Grade 1. The results of 
further studies of these serums are shown 
in Table 2. Precipitates tvere not found 
in any of the 40 control serums, and the 
serum dilution tests were negative. 

It is of interest that although the cryo- 
globulins of Grades 1 and 2 were present 
in small concentrations, they were easily 
observed in the form of definite white pre- 
cipitates. 

It is evident from Table 2 that there is 
no correlation between the presence of 
cryoglobulins in serum and the reaction 
of the serum to the cephalin-cholcsterol 
and serum dilution tests. 

Physical and Chemical Characteris- 
tics OF THE Protein Precipitates. Since 
only small amounts of cryoglobulins were 
found in these scrums, it was impossible to 
make detailed studies of the physical and 
chemical nature of these proteins. It was 


When 0.01 N HCl was used as the sol- 
vent, the cryoglobulin dissolved readily 
and did not reprecipitate when the solu- 
tions w'ere cooled at 5° C. However, only 
the cryoglobulin preparation from Case 9 
gave a truly clear solution. The remaining 
solutions were slightly cloudy. On stand- 
ing for 2 weeks at 5° C., 6 of the 8 cloudy 
solutions were clear enough for ultra- 
violet absorption studies. The substances 
responsible for the turbidity gradually 
settled to the bottom of the tube. 

Cholesterol Content. Cholesterol deter- 
minations were made on the 2 most turbid 
of the 0.01 N HCl solutions (Nos. 2 and 
10) by the method of Schoenheimer and 
Sperry.” Neither of the preparations con- 
tained any detectable amount of chol- 
esterol. 

Phosphorus Content. Three globulin 
solutions. Nos. 4, 7 and 8, w'ere mixed 
together and a phosphorus determination 
was carried out on the resulting mixture by 
the procedure of Fiske and Subbarow.- 
No phosphorus was detected. 

Quantitative Protein Determinations. 
Colorimetric determinations of the pro- 
teins in the 0.01 N HCl solutions were 
made vath the phenol reagent,® the cryo- 
globulin of the patient J. P., as reported 
in Paper I, being used as the standard. 
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The values for cryoglobulin, as thus ob- 
tained, are listed in Table 2. 

Uhramolct Absorption. Seven of the 
0.01 N HCl solutions of cryoglobulins 
were sufficiently clear for ultraviolet ab- 
sorption studies. The densities over the 
range 2400 to 3300 A were determined 
with a Beckman quartz spectrophotom- 


Hmits; so onlj'^ the a^'erage curve was used 
to represent these proteins. 

By comparing the ultraviolet absorption 
spectra of the cryoglobulin preparations 
with those of the normal plasma proteins® 
it is e^ddent that the crj'oglobulins differ 
from albumin. Five of the cryoglobulin 
preparations gave absorption curves sim- 


Tablb 2. — Cases With Posirn-E Cryooi.odui.in', Cephamn-Choletseeoi., or Serum 



Dilution' Tests 






Grade of 

Cryoglobulin 

Ccphalin- 

Serum dilution 



cryoglobulin 

(mg. %) 

cholcstcrol 

test 

Case No. 

Diagnosis 

precipit.alc 

(scnim) 

test (4S hrs.) 

(48 hrs.) 

1 

Cryoglobulinemia and cardiovas- 






cular renal disease 

3 

soo 

0 


2 

Ljmphatio leukemia 

2 

25 

0 

0 

3 

Congenital hj’popro6liromb)nemia 

2 

6.9 

2 

0 

4 

Bronchopneumonia 

2 

7.6 

0 

0 

5 

Bronchiectasis , 

2 

20 

0 

0 

6 

Rheumatic heart disease 

2 

12 

0 

0 

7 

tf it tf 

2 

12 

0 

0 

S 

Subacute bacterial endocarditis 

2 

21 

0 

0 

9 

U ' <* It 

2 

19 



10 

ff tt l< 

2 

25 

4 

2 

11 

it it n 

2 

, , 

2 

0 

12 

« tt « 

2 

, . 

2 

0 

13 

fi tt tt 

2 


0 

1 

14 

Rheumatic heart disease 

I 

Trace 

0 

0 

15 

tt It it 

1 

Trace 

0 

0 

15 

Pneumonia 

1 

Trace 

0 

0 

17 

Pleural effusion 

1 

Trace 

0 

0 

18 

Empj'ema (tbc) 

1 

Trace 

0 


19 

Emphysema 

1 

Trace 



20 

Cardiovascular renal disease 

1 

Trace 

0 

0 

21 

Brucellosis 

1 

Trace 

0 

0 

22 

Ulcerative colitis 

1 

Trace 

0 


23 

Embolic femoral artery occlusion 

I 

Trace 

0 


24 

Hepatic cirrhosis 

1 

Trace 

4 

0 

25 

Diabetes 

1 

Trace 

0 


26 

tt 

1 

Trace 

0 

0 

27 

Addison’s disease 

1 

Trace 

0 

0 

2S 

Polycythemia vera 

1 

Trace 

0 

0 

29 

Idiopathic purpura 

1 

Trace 

3 

1 

30 

Carcinoma of pancreas 

1 

Trace 

0 

0 

31 

Lymphatic leukemia 

1 

Trace 

0 

2 

32 

Myeloid leukemia 

0 

0 

3 

0 

33 

Hodgkin’s disease 

0 

0 

3 

0 

34 

Polycythemia vera 

0 

0 

3 

0 

35 

Carcinoma of pancreas 

0 

0 

2 

0 

36 

Multiple myeloma 

0 

0 

0 

2 

37 

tt tt 

0 

0 

• • 

2 


eter vdth a hydrogen discharge tube and ilar to the gamma globulins and fibrino- 

quartz cuvettes 1 cm. in thickness. Using gen. Two of the preparations gave unsu- 

the results of the quantitative determina- ally high absorptions, 

tions of these proteins, it was possible to The absorption curve for the crjmglobu- 
calculate the ultrardolet e.vtinction coeffi- lin from the case of familial hypopro- 

cients (Fig. 1). The e.vtinction coefficients thrombinemia (No. 3) is similar to that 

of the crjmglobulin from Samples 7, S and of a nucleoprotein.* A quantitative Bial’s 

9 were identical within experimental test for ribose was carried out on this 

* G. P. Baraum (unpublished data). 
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preparation. Five per cent of the protein 
appeared to be ribose. This may indicate 
that the protein was a nucleoprotein, but 
only a very small amount of material was 
available, and the Dial’s test may not have 
been specific for ribose. The electropho- 
retic pattern of the plasma proteins of this 
case was essentially normal. 


approximating that of fibrinogen, it is like- 
ly that these proteins are not fibrinogen.^ 
Since most of the spontaneously precipi- 
tated proteins have ultraviolet absorption 
curves similar to those of the gamma 
globulins, these proteins probably belong 
to the gamma globulin group. The cryo- 


Fig. 



I-— Ultraviolet extinction coefficients for cryoglobulins of Samples 3 to 9 inclusive. These were 
clcterminocl with a Beckman quartz spectrophotometer with a hydrogen discharge tube. 


Discussion. The present results indicate 
that several difi'erent proteins may pre- 
cipitate spontaneously from cooled abnor- 
mal scrum. In view of the fact that none 
of the i)roteins from the cases discussed in 
Paper I had a molecular weight even 


globulin isolated from the case of hypo- 
prothrombinemia may be a nucleoprotein. 

It is evident that cryoglohulins may be 
present in the serum of patients with a 
great variety of diseases, while normal 
serum docs not appear to contain this 
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type of protein. The concentration of 
cryoglobulin in pathologic serum is quite 
variable. In some cases it is present in 
such large quantities that it may -well 
relate to the patient’s symptoms and find- 
ings as in the case reported in the preced- 
ing paper. Cryoglobulinemia ma^' be 
considered a non-specific indication of a 
disease process comparable to fever, in- 
creased erythrocyte sedimentation veloc- 
ity, and other symptoms. 

Stein and Wertheimer’- reported that 5 
of 7 cases of subacute bacterial endocar- 
ditis exhibited protein precipitates in 
cooled serum. ‘They suggested that this 
may be of diagnostic significance. How- 
ever, since cryoglobulins occur in the 
serum of patients haring a great variety 
of diseases, their presence is of doubtful 
significance in any specific sense. In the 
present study the serums from G cases of 
subacute bacterial endocarditis were stud- 
ied. In all of these (Table 2) cryoglobu in 
was observed in the cooled serum. The 
diagnosis in 1 case (No. 13) was not defi- 
nitely established, i. c., positive blood 
cultures could not be obtained. In another 
case (No. 8) a marked reduction of crj'o- 
globulin in the serum was apparent after 
3 weeks of penicillin therapy. Visually, 
the smallest concentration of cryoglobulin 
was present in Case 11. This patient had 
been treated with penicillin for several 
weeks before the senun was studied for 
cryoglobulin. These results indicate that 
cryoglobulinemia is at least a very com- 
mon finding in this disease, although 
probably not uniformly present. 

There are 2 reports in the literature of 
patients with purpura hemorrhagica asso- 
ciated with cold allergj'.®’’® The histories 
and clinical findings in these 2 cases are 
quite similar to those of J. P. (see Paper 1). 
There are also reports of cases ndth sen- 
sitivity to cold ndth urticarial lesions and 
“red blotches.”’® It is unfortunate that 
no observations were made on the cooled 
serum from these patients. At present 
one can only speculate on the presence of 
cryoglobulinemia in these instances. 

Cobum and Moore’ have recently shorni 


that there is an increase in serum gamma 
globulin in patients ndth lupus erythema- 
tosus. They also observed that in the 
descending limb of the electrophoresis cell, 
where the other proteins moved away 
from the gamma globulins, there was an 
opaque precipitate. This suggests the 
presence of a cryoglobulin in the serum of 
their cases. 

Abnormally large amounts of gamma 
globulin occur in hyperimmune antipneu- 
mococcus horse serums and in the serums 
of cases of liver disease, multiple myeloma, 
sarcoidosis, lymphopathia venereum, and 
lupus erythematosus. Since most of the 
cryoglobulins probably belong to the 
gamma globulin group, it would be of 
interest to study the serums from patients 
nnth these diseases. One should bear in 
mind, however, that an increase in ganuna 
globulin does not necessarily indicate the 
presence of cryoglobulin. This is shown 
by the lack of correlation between the 
cephalin-cholesterol flocculation test and 
the occurrence of cryoglobulin. In 1 case 
of hepatic cirrhosis, not included in the 
foregoing, the cephalin-cholesterol floccu- 
lation Avas markedly positive as was also 
the thymol turbidity test. The serum 
globulin in this case ranged between 8 to 
10 gm. %, most of which was revealed 
electrophoretically to be gamma globulin; 
yet no cryoglobulin was present. 

Lipid Turbidity. On seA^eral occasions 
fresh fasting serums were observed to be 
turbid. After these turbid serums were 
kept at 6° C. for 1 to 3 weeks, a precipi- 
tate formed on the surface as a white ring. 
This was observed in 7 serums from a 
variet 5 '’ of cases: glomerulonephritis, leu- 
kemia, pneumonia, diabetes and aplastic 
anemia. The substance appearing on the 
surface was assumed to be of lipid charac- 
ter. Its beharior was entirely different 
from the cryoglobulins. 

Eleven diabetic serums were studied. 
These were collected in the fasting state. 
Only 1 of the freshly prepared serums was 
turbid, but after the serums were kept at 
5° C. for 48 hours, 8 became turbid. 
Again, as these stood at 5° C. for longer 
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periods, a precipitate formed on the sur- 
face as a white ring, the serum below 
remaining clear. 

Most serums are turbid when obtained 
shortly after a meal. Upon standing for 
1 to 2 days the lipids in these serums rise 
to the surface. 

Summary. 1. In a study of 121 serums 
from as many individuals, suffering from 
a variety of pathologic conditions, sponta- 
neous precipitation of protein from the 
cooled serum was observed in 31 instances. 
The presence of these proteins, which are 
designated as cr^mglobulins, may be re- 
garded as a non-specific indication of a dis- 
ease process. They were not encountered 
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in any of the serums from 40 normal indi- 
viduals. 

2. Serums which contained cryoglobu- 
lins ivere di\aded arbitrarily into 3 grades 
on the basis of amounts. These are as 
follows: 

Grade 1 From a trace to 6 mg. % 

Grade 2 From 6 to 25 mg. % 

Grade 3 Greater than 25 mg. % 

Grade 3 cryoglobulinemia was encount- 
ered in but 1 case, and in this instance there 
is reason to believe that the cryoglobulin 
was related to a severe purpura which 
stood in the foreground of the clinical 
picture. 
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Hepatic calculi (hepato-lithiasis) have 
been rarely diagnosed clinically, are usu- 
ally unsuspected, and found only at opera- 
tion or necropsy. The literature, espe- 
cially American, on this subject is sparse, 
j'et Best' in an analysis of the literature 
states that in 456 cases of cholelithiasis 
there were 35 cases of liver stone. This 
represents an incidence of liver stones in 
cholelithiasis of 7.6%. Courvoisier (1903) 
in 16,025 autopsies found 1714 cases of 
cholelithiasis in which there occurred 
1 case of liver stone. Hesse’ (1911) in 
17,402 autopsies had 278 cases of chole- 
lithiasis and 1 case of liver stones. How- 
ever, Miyake® (1913) in 257 cases of chole- 
lithiasis had 20 cases of liver stones. 
Apparently in Japan, liver stones are rela- 
tively frequent. Hepatic calculi may also 
occur without cholelithiasis. In 53 cases 
of liver stones analyzed by Rufanov,® 20% 
had calculi confined to the liver alone, 
while 80 % had calculi also present in the 
gall bladder, bile passages or both. The 
present paper briefly reviews the subject 
of hepatic calculi and describes 4 cases. 
It also discusses the possibility of diagno- 
sis, and the clinical significance of this 
condition. 

Classification of Hepatic Calculi. 
Liver stones may be grouped as follows: 

1. Firmly fixed stones vdthin the intra- 
hepatic ducts. These may be single or 
multiple and the size of the calculi varies 
widely. 

2. Isolated, circumscribed lesions in the 
liver vdth stones embedded in a ca^nty 
containing bile or pus. 

3. A more diffuse process with the intra- 
hepatic ducts containing small stones, 
gravel or debris. 

4. Diffused, small abscesses containing 
stones or gravel and associated with a 
purulent cholangeitis. 


Incidence. It has already been stated 
that liver stones have been found in as 
many as 7.6% of cases of cholelithiasis 
which came to necropsy. This incidence 
would seem to vary directly with the 
thoroughness with which all the bile ducts 
of the liver are examined. Hepatic calculi 
have been described in ever^^ decade 
from the 2nd to the 9th. In contrast to 
gall stones, there is no difference in rate 
of occurrence of hepatic calculi betn^een 
the sexes. 

Etiology and Pathogenesis. The 
etiology of hepatic calculi is not definitely 
knovm. The various theories advanced 
for the genesis of gall stones apply equally 
to liver stones. These may be summarized 
as infection, stasis, disturbed metabolism 
(especially that of cholesterol), abnormali- 
ties in the chemistry of bile, dysfunction 
of the autonomic nervous system, and, 
perhaps, changes in the hepatic cell mem- 
brane. The immediate mechanism caus- 
ing the formation of stones is probably 
chemical,® due to variations in the ratio 
of concentration of bile acids, fatty acids, 
cholesterol, calcium and protein, together 
rvith changes in the pH of bile. Hepatic 
calculi are usually of the bilirubin-calcium 
type’® but they may have variations simi- 
lar to those found elsewhere in the biliary 
system. 

Clinical Aspects. The symptoms vary 
widely from the symptomless to those 
showing e%adence of biliary obstruction. 
Since the majoritj^ of patients have co- 
existing stones in the gall bladder and/or 
bile ducts, it is difficult to describe charac- 
teristic sjanptoms of hepatolithiasis. The 
most frequent s,\Tnptom is pain, usualB'' 
epigastric or in the right upper quadrant, 
occasionally radiating to the right scapula. 
This pain occurs in attacks which may be 
of long duration. Fever is the next most 
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common finding, and in 25 % of cases there 
are chills. These, when they occur, are 
due to cholangeitis, liver abscesses or pleu- 
risy. The temperatures may be normal 
in uncomplicated hepatolithiasis. Jaun- 
dice is frequently encountered, is of the 
obstructive type, and may be accompanied 
by pruritus, hemorrhage and changes in 
the urine and stool. Gastric disturbances 
are frequent, indigestion, anorexia and 
vomiting during attacks are the rule. 
Very often inanition and anorexia are the 
earliest symptoms of hepatic calculi. 
With stones also present in the biliary 
tract, the symptoms would be more in- 
clined to be those of cholecystitis or ob- 
struction of the biliary passages, the stones 
in the liver causing no symptoms except 
those of a general nature (inanition, ane- 
mia, fatigue, etc.). The liver, or one of 
its lobes, is usuallj^ enlarged, but it may 
be normal in size. There may or may not 
be tenderness and spasm on palpation of 
the abdominal wall. Achylia is common. 
In secondary involvement of other organs 
we find chronic, secondary, indurative 
pancreatitis, which seems to be less than 
that found in cholecystitis. A right-sided 
pleural involvement with serous or puru- 
lent exudate may occur, and damaged 
kidneys have been reported. 

Diagnosis and Differential Diagno- 
sis. It is readily noted that there is no 
pathognomonic symptom complex for this 
condition. Clinicallj', the diagnosis of 
hepatic calculi is at best difficult, if not 
impossible without the Roentgen ray. 
There may be a complete absence of symp- 
toms. With symptoms, the differential 
diagnosis includes cholecystitis, cholelithi- 
asis, obstruction of the common duct, chol- 
angeitis, liver abscess and other diseases 
of the gall bladder and bile ducts. 

The roentgenogram affords a much more 
accurate means of diagnosis. Walters and 
Snell’^ suggest that small irregular opacities 
occtisionally seen in the hepatic area on 
Roentgen ray may be due to intraductal 
stones. Volpe'- described a solitary he- 
patic calculus as a mulberry-like shadow. 
The hepatic calculi in our Case 1 are almost 


uniformly spherical in appearance, vary- 
ing in diameter from 0.5 to 2 cm. There 
is an outer shell of rather dense calcifica- 
tion. The core is much less opaque and 
is studded with round areas of radiolu- 
cenejL These are probably due to an 
irregularity in the deposition of calcium, 
but there is a possibility that the calculi 
are canalized by bile. 

Other causes of calcification in the liver 
must be considered in the differential diag- 
nosis. These include: (1) Hemangiomas: 
hemangiomas of the liver are almost 
alwaj'S of the cavernous tjqie. \Nhen 
they calcify they exhibit numerous tra- 
beculations arising and radiating from a 
common center.^ 

2. Amebic abscess: calcification occa- 
sionally occum in chronic abscesses. There 
is almost alwaj'^s a history of amebic infec- 
tion and the calcification is in the form 
of dense irregular shadows,^® 

3. Echinococcus cyst: in chronic cysts, 
calcification may occur in the capsule. 
The calcification is in the form of concen- 
tric strips alternating vnth transparent 
strips.'* 

4. Gummata: gummata usually do not 
calcify. When calcification does occur, it 
is usually trabecular in nature.® There is 
evidence of lues elsewhere. 

5. Tuberculomas: there is almost al- 
ways evidence of tuberculosis elsewhere, 
including calcified tuberculomas of the 
spleen. The}'' appear as spheres with a 
central density ha^^ng a surrounding 
moat.®-** 

6. Carcinoma: Hamburger® described a 
calcified primary carcinoma of the liver 
in a 5 year old child. The calcification 
was attributed to irradiation of the tumor. 

7. Hydatid cysts, calcified subphrenic 
abscesses, calcified infectii'e granulomata, 
calcified infarcts and metastases should be 
readily differentiated from hepatic calculi 
by the character of their appearance, their 
location and the clinical picture. 

Treatment and Prognosis. The treat- 
ment of hepatic calculi will vary greatly 
with the indindual patient. In tliose 
cases witli no sj-mptoms, or with minimal 
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symptoms and no stones in the extra- 
hepatic biliary system conservatiA'e treat- 
ment is indicated. Tliis would include a 
low fat, high carbohydrate, high protein 
diet "with adequate vitamin intake. Op- 
erative treatment depends in great degree 
on associated findings such as gall stones, 
common duct stones, etc. Rufanov® in 
analyzing 55 cases states that the most 
frequently performed operations were chol- 
ecystectomy, choledochotomj', hepaticot- 
omy and cholecystostomy. According to 
Rufanov® the overall mortality of cases 
undergoing surgery is 60 to 65%. The 
best prognosis is in the younger age group 
(under 50 years) who have had a relatively 
short duration of illness (under 3 years). 
In these cases the pathologic process is 
usuallj'" limited in extent and there is no 
general damage or insufficiency of the 
liver parenchyma. 

The highest operative mortality occurs 
in people over 50 years of age. Usually 
the disease is of long duration and there 
are severe pathologic changes in the liver 
and other organs (kidney, pancreas, etc.). 
Ninety per cent of these cases have coexist- 
ing stones in the gall bladder and at au- 
topsy all the bile ducts to their most 
minute branches are filled with compactly 
packed stones. 

Another group may be mentioned, 
namely elderly people who have had pro- 
longed symptoms of cholelithiasis with or 
vnthout duct obstruction and have not 
undergone surgery. These are usually 
seen shortly before autopsy and a severe 
cholangeitis, liver or subdiaphragmatic 
abscess, ulceration of the gall bladder or 
bile ducts, cholemia, hemorrhage, sepsis 
and collapse are encountered. 

The principal causes of postoperative 
death are hepatic insufficiencj’^ or a puru- 
lent process, c. g., cholangeitis, liver ab- 
scess. Second laparotomies are greater in 
number in hepatolithiasis than in chole- 
lithiasis. This is due to the severity of the 
liver stone pathology, to overlooking the 
presence of liver stones at the time of 
original operation, and to short periods of 
drainage of the ducts. 


Case Report. Case 1. (Referred by Dr. 
Atwood, Boston, Mass.) A married woman 
of 62, mother of 2 children, has been under 
Dr. B’s care for 29 years. When first seen 
in 1917 when she was 33 years of age) she 
gav3 the history of appendectomy for an 
acute appendicitis 7 years before and removal 
of a cervical rib when 2 years of age. She 
stated that “she had not felt well since her 
last child was born, and was suffering from 
constipation, -poor endurance, fainting spells 
and occasional vomiting.” She was allergic 
to fish, complained of intestinal gas, passing 
mucus from rectum, and dizzy spells with 
attacks of cardiac palpitation. She weighed 
89 pounds; a reduction of the best weight 
she ever had of 11 pounds; her blood pressure 
was 117/88. The diagnosis made at that 
time was viceroptosis, ileocolonic stasis, 
neurosis and general debility. As a result of 
bed rest, abdominal support, and medications 
she improved and reached a weight of 117 
pounds in a few months time. 

She was referred back to Dr. Atwood, and 
living some distance from New York, was 
seen at about yearly intervals without any- 
thing of moment occurring. In 1931 the 
menopause began, with the usual vasomotor 
sjTnptoms which were controlled by ovarian 
extracts. About that time she developed 
anemia, the red cells dropping as low as 
2,700,000 per c.mm. This was controlled by 
hematinics and diet. 

Up to 1939 the diagnoses made and treat- 
ments employed were for indigestion, slight 
anemia, debility, periods of exhaustion. 
A^ague abdominal pains, arthritic pains due 
to a slight degree of arthritis of the atrophic 
type, constipation and insomnia. 

In 1939, after about 2 years of complaints 
of more fatigue and indigestion, she was re- 
examined thoroughly. There were 2 ab- 
scessed teeth, there was a moderate fusiform 
dilatation of the aorta. The blood pressure 
was 150/86. The liver was not enlarged or 
tender. The Wassermann was negative. 
Laboratory findings included; blood sugar, 
109 mg.; non-protein nitrogen, 33 mg.; cal- 
cium, 11.3 mg. (top normal); phosphorus, 
3.5 mg.; cholesterol, 280 mg. (normal 125 
to 210); uric acid, 3.2 mg.; and total protein, 
8.4 gm. per 100 cc. A sh'ght hj'pochromic 
anemia was present. The stomach _ was 
achylic even to histamine and Dr. B’s pan- 
creatic test was half normal in amylase 
units. The liver function tests were normal 
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(bromsulphalein, cephalin flocculation, hip- 
puric acid) as were also the urine and feces. 
The Roentgen rays were not particularly 
signifiicant with the exception of the liver, 
which showed a number of calculi scattered 
throughout the organ. Several Roentgen 
ray examinations of the liver were made 
since 1939 showing continuously about the 
same condition throughout the years. 


She never had any definite symptoms per- 
taining to the liver and is today about in 
the same reasonable state of health as she 
has been for years. 

Case 2. A 77 j’^ear old white female was 
first admitted to St. Vincent’s Hospital, 
New York City, in August 1938, because of 
dyspnea and epigastric pain of 1 day’s dura- 



Fig. 1. — Film taken in 1939 showing liver stones. Gall bladder normal. 


Comment. Here was a physically unen- 
dowed woman with a series of minor com- 
plaints over years of time. The time of 
onset of the litTr stones is not known. It 
is possible that the anemia or e.xhaustion 
was in some way bound up with their 
advent. The fact that stones may occur 
in the liver and there be none in the gall 
bladder or ducts suggests that an abnor- 
mal metabolic process may -occur in the 
liver cells. The higli content of blood 
calcium and cholesterol seems significant. 


tion. Except for an operation 40 years 
previously because of an ovarian cyst, she 
had alwa 3 ’-s enjoyed good health. There 
was no history of jaundice or biliary colic. 
Pbj'sical examination revealed an elderlj% 
thin female in moderate respirator^" distress. 
The positive physical findings were limited 
to the heart and lungs. The heart was en- 
larged, especiall}’ the left ventricle, as was 
the aorta. The rh 3 -t}nn was irregular and 
the blood pressure was 170/90. There were 
fine moist rftles at both lung bases. The 
abdomen was negative and the liver not 
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enlarged. The urine showed 3+ albumin, 
30 leukocytes per high power field and a 
specific gravity of 1.015. The blood count 
showed 4,400,000 red cells, 14 Gm. hemoglo- 
bin, 10,200 leukoc 3 d«s, with 88% neutro- 
phils, 11% lymphocytes and 1 % eosinophils. 
Blood non-protein nitrogen and sugar were 
48 mg. and 82 mg., respectivelj'-, per 100 cc. 
and the Kahn reaction was negative. 


bases. Her heart was unchanged from the 
first admission. The liver was enlarged 
5 finger breadths below the costal margin , 
was smooth and slightly tender. The blood 
count showed 3,300,000 red.cells, 70% hemo- 
globin, 19,200 leukocytes with 76% neutro- 
phils. The non-protein nitrogen was 32 mg. 
and the icteric index 32. For the 1st week, 
the temperature ranged betoeen 100° and 



Fia. 2.— Postero-anterior film taken in 1946 showing the same as above. Gall bladder films taken 
separately still show a normal gall bladder. 


She was digitalized and rapidl 3 '’ improved 
and was discharged from the hospital in 
1 month. 

The second admission was in May 1939, 
following severe pain in the left posterior 
chest with slight fever of 5 days duration. 
She had been dyspneic for the preceding 
4 months. At the time of admission she 
was acutely ill, dyspneic, orthopneic and 
the skin was jaundiced. The positive ph 5 ’-si- 
cal findings were moderate dependent edema, 
dullness and diminished breath sounds in 
the left lower lobe and r&Ies at both lung 


102° F. She gradually became compensated 
on digitalis and diuretics and the jaundice 
disappeared. She was discharged months 
after admission. 

The last admission was in February 1940, 
when she suffered a cerebral vascular acci- 
dent. She was comatose on admission and 
died shortly thereafter at the age of 79. 

At autopsj', cerebral atherosclerosis and 
rncephalomalacia and hemorrhage in the 
left parietal and frontal lobes were foimd to 
be the immediate cause of death. The heart 
was hj^Jertrophied and dilated. There was 
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acute verrucous endocarditis of the aortic 
cusps. There was a lobular pneumonia of 
the lungs. The liver (Fig. 4) was not en- 
larged, weighing 1100 gm. The surface was 
smooth and on section was yellow-broum in 
color. The bile ducts in the right and left 
lobes close to the hilus were dilated and 
filled with faceted, pigmented stones. Micro- 
scopically the liver lobules were atrophied, 
especially in the central portions. 

The gall bladder was fiUed with pigmented 
faceted stones. The common duct and both 
hepatic ducts were dilated and contained the 
same faceted stones. There was apparently 
no obstruction to the flow of bile. 

Comment. In this familiar type of car- 
diac case it is probable that at the second 
admission the icterus ma5' have come from 
a pulmonary embolism and not from the 
calcareous condition in the liver and biliary 
tract. In the second admission her liver 
was definitely enlarged, probably due to 
heart failure. The death was due to an 
apoplexy. From the first to the third 
admission there were no definite clinical 
signs of either liver or gall bladder stones 
and the liver was not enlarged at the last 
admission, as it had been at the second, 
9 months before. Considering the history 
before her first admission, she was in 
“good health” even though she must 
have had both liver and biliary tract 
stones for years. 

Case 3. A dentist, 42 years of age, with 
a past history of pains ,in his upper right 
abdomen and right scapular region for about 
6 years before, was seen bj'^ Dr. B. His 
general health was onl}'^ fair and he had 
periods of exhaustion which caused him to 
stop work for a few weeks until he became 
“bucked up.” He continued at his work 
until 4 months before first seen by Dr. B., 
when he stated that as a “result of a fire 
in his office he became jaundiced.” This 
cleared in about 3 weeks time. However, 
he had an attack of jaundice 1 j^ear before 
following an operation for rectal fistula, and 
when seen first he had had his third attack 
of jaundice, existing for about 4 weeks. 

Briefly, he was a jaundiced indiifidual in 
a fair state of nutrition but showed a rapid 
sedimentation rate, a diphasic temperatme 
and attacks of chills. A leukocjdosis (19,000) 


and high neutrophil coimt (84%) suggested 
an infection. The Roentgen rays showed 
about 11 small stones scattered through his 
liver, mostb’’ in the Imver portion of the 
organ. These seemed to be solid stones high 
in calcium. He became ill quickly and was 
hospitalized, treated medically with the 
diagnosis of a possible septic cholangeitis. 
He made a symptomatic recovery in 4 weeks 
and went back to work in his office. About 
3 weeks later he began complaining again, 
became moderately jaundiced and septic, 
and was operated upon bj^ Dr. John F. Erd- 
man who removed his gall bladder, appendix 
and established tube drainage. The tissue 
diagnoses were chronic cholecj^stitis without 
gall stones, acute periportal hepatitis, miliary 
abscesses of the liver and chronic appendi- 
citis. The man recovered slowly, the wound 
healed perfectly and he went to a rest home. 
About 7 months after the operation there 
developed small growths along the upper 
half of the scar w'hich were found to be 
“metastatic adenocarcinoma of the skin.” 
At the time of the operation there was no 
evidence in his abdomen of malignant 
disease. 

Comment. It seems reasonable to as- 
sume in this case that the liver stones had 
existed for years and, other than the pos- 
sibility that the periods of exhaustion 
were due to them, gave no symptoms. 
The Roentgen ray evidence of hepatic 
calculi and findings at operation suggest 
that the abscesses of the liver may have 
resulted from these stones, although it is 
more probable that they occurred from 
the septic cholangeitis. The site of the 
carcinoma from which he succumbed was 
not determined. 

Case 4. In 1931 a migrainous woman, 
52 j’-ears of age, with 3 children, was treated 
bj’- Dr. B. for a bioto.xic intestinal condition. 
Her past history revealed that at the age 
of 25, after the birth of a child, she began 
complaining of gaseous indigestion and pain 
in the upper right abdomen. At 38 years of 
age cholecj'stectomy and appendectomy 
were performed, the gall bladder containing 
many stones. She had a reasonable degree 
of relief for 4 years, when gradually attacks 
of gas, anorexia, constipation and loss of 
weight returned. These were her complaints 
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when first seen. At subsequent examina- 
tions, after Roentgen ray, a diagnosis was 
made of liver stones. They were smalHn 
size and scattered throughout the liver like 
birdshot. 

About 1 year later she became Jaundiced. 
Examination of the biliary tract after the 
ingestion of dye revealed the extrahepatic 
ducts to be dilated and stones were outlined. 
Under conservative treatment the Jaundice 
cleared but she never regained her former 
state of health. 

At 63 years of age (1942) her health failed 
perceptibly. At times the liver was enlarged 
and tender. She ran a low grade fever from 
time to time and had recurrent mild attacks 
of Jaundice. The icteric index was always 
above normal. The highest hippuric acid 
in 4 hours was found to be 4.7 gm. and the 
galactose tolerance in 5 hours was 0.3 mg. 

For a period of months there was a marked 
abatement of symptoms, the liver function 
tests were normal, but the icteric index 
remained high. Her complaints gradually 
returned and, finally, after 2 weeks of pre- 
operative preparation, she was operated upon 
by Dr, Raymond P. Sullivan in 1943 at the 
age of 64. At operation innumerable small 
stones of varying sizes were removed from 
the extrahepatic biliary ducts. They choked 
the ducts practically to the under surface of 
the liver. After removal of the T tube 
several more stones came out. The stones 
were calcium-bilirubin in character. No 
stones could be palpated in the liver sub- 
stance at operation. She has greatly im- 
proved sjunpiomatically in the past 31 years. 
Roentgen ray still reveals the presence of 
stones in the liver. 

Covmcni. It may be concluded from 
her physical and symptomatic improve- 
ment following operation, that her symp- 
toms were due to the stones in the biliary 
tract and not to those in the liver. The 
icteric index is now at the upper limit of 
normal. The stones still remaining in the 
liver seem to produce no symptoms, 
although a mild degree of anemia and 
slight fatigue still persist. 

Discussion. In Case 1 (uncomplicated 
hepatic calculi) tlie liver was not enlarged 
or tender and there were no symptoms 
suggesting tlie presence of hepatic stones. 
Tlie only symptoms were general, snggest- 
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ing a vague type of indigestion which could 
not be distinguished from those present 
in achylia or a low-grade pancreatitis. 
This case is also of interest because of the 
absence of stones in the extrahepatic ducts 
and gall bladder. Case 3 also had no 
extrahepatic stones, although the gall 
bladder was infected. The other 2 cases 
had both intra- and extrahepatic stones. 

Hepatic insufficiency did not occur in 
Case 1 or 2 and both cases gave no specific 
symptoms relative to the biliary system. 
(It is assumed that the transient Jaundice 
in Case 2 was due to a pulmonary infarct.) 
Both Case 3 and 4 had symptoms, 1 due 
to infection and the other to gall duct 
obstruction and mild infection. Thus 
we may say that in uncomplicated hepatic 
calculi the symptoms are minimal or ab- 
sent. 'V\TQen symptoms occur, they are due 
to infection. In hepatic calculi compli- 
cated with extrahepatic biliary calculi, 
symptoms referable to the biliary system 
are more likely to occur and are indis- 
tinguishable from tliose produced by dis- 
ease of the gall bladder or common duct 
in w'hich no liver stones are present. 

The only positive method of diagnosis 
is by roentgenogram, and unless the liver 
stones are calcified or of considerable size, 
they will not be discovered. In view of 
the statistics quoted earlier in this paper, 
it appears that a painstaking search of 
the intrahepatic ducts at autopsy, espe- 
cially in cases of cholelithiasis, will reveal 
a much greater incidence of hepatic calculi 
than is at present thought to exist. 

True uncomplicated hepatic calculi ap- 
pear to be compatible with long life and 
comparative good health and the treat- 
ment should be conservative and suppor- 
tive. It is reasonable to assume, if there 
is but a single hepatic stone or a cluster 
of stones in a small area, that their re- 
moval by operation should be considered. 
In the presence of complications such. as 
liver abscess, cholelithiasis, cholangeitis 
and obstruction of the common duct, the 
treatment should be predicated on the 
complication and the presence of the liver 
stone,'^ be considered as of secondary im- 
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portance. However, it must be remem- 
bered that in the presence of liver stones 
the mortality rate in operations of the 
biliary tract is increased. 

Summary. The incidence of hepatic 
calculi associated with cholelithiasis is 
probably about G% when careful studies 
of the intrahepatic ducts are made at 
autopsy. The incidence is about equal 
for male and female. Hepatic calculi pro- 
duce no characteristic sj’mptoms. Usually 
symptoms are caused by associated stones 
in the e.\'trahepatic biliar3' sj'stem or lyv 
complications such as infection. The diag- 
nosis can onlj'- be made b,y roentgenogram. 

Of 4 cases of hepatic calculi here pre- 
sented, 2 were symptomless, although I 
of these also had stones in the e.vtrahepatic 


biliarj’^ sj’-stem. One case was complicated 
bj’’ infection (multiple small liver ab- 
scesses) and 1 case by obstruction of the 
common duct which was relieved bj”^ opera- 
tion, and the stones remaining in the liver 
have now been asjraptomatic for several 
years. 

In true hepatic calculi with no compli- 
cations, treatment is conservative and' the 
prognosis is good. With complications 
such as obstruction or infection, surgical 
treatment should be directed toward the 
complication, in which case the mortalitj' 
is greater than if no hepatic calculi are 
present. The principal causes of postop- 
erative death are hepatic insufEciencj'^ or 
a purulent process, and as cholangeitis and 
liver abscess. 
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(From The Natb^l Jewish Hospital at Denver a 

Chronic pulmonary tuberculosis al- 
though a localized disease will cause 
changes in other organs of the body by 
metastatic bacterial or toxic action. Path- 
ologic changes in the liver are found not 
infrequently on postmortem examination. 
Together with chronic alcoholism pulmon- 
ary tuberculosis is the most frequent cause 
of fatt5'' infiltration of the liver. In con- 
trast to these findings there is no direct 
clinical evidence of significant liver dam- 
age in patients with chronic pulmonary 
tuberculosis. This apparent discrepancy 
stimulated the interest in functional liver 
studies in pulmonary tuberculosis and 
during the last 25 years a number of inves- 
tigations were published concomitant with 
the development and perfection of liver 
function tests. ( 

A review of these studies re\^eals that 
aagin in contradiction to the clinical ob- 
servation considerable laboratory evidence 
of liver function disturbance was found. 
Lichtman® in his classical book on diseases 
of the liver states therefore, “while clini- 
cal evidence points to a lack of significant 
hepatic parenchymal damage in patients 
wth pulmonary tuberculosis, sensitive 
liver function tests indicate the opposite.” 
A critical study of these publications 
shows however that the function tests 
used Avere mostly non-specific and partly 
obsolete. This applies to the first publica- 
tions in this field which appeared in the 
French literature,^ as well as to the series 
of studies by Steidl and Heise,®®-* in this 
country. These authors found pathologic 
readings in most cases of far-advanced 
tuberculosis and in a later stud\' almost 
identical results in patients vith moderate 
and minimal involvement. It is interest- 
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ing to note that whereas they found posi- 
tive results with non-specific tests, /.t., the 
Congo red test or since then discarded 
procedures such as the oxidation test, the 
bromsulphalein test as used in its original 
modification did not give any pathologic 
readings. 

In a subsequent study by 2 other 
authors'* the same test, 2 mg. dose, showed 
however some evidence of hepatic dys- 
function. In 1942 by using the more sen- 
sitive 5 mg. per kg. test, Kruger and 
Gerber® found evidence of impaired func- 
tion, especially in far-advanced protracted 
disease. They examined also a series of 
20 patients with secondary amyloid dis- 
ease and found significant retention of 
bromsulphalein in 18 patients. In con- 
trast to their .findings a prerfous study®, 
which was entirely limited to patients 
Avith pulmonary tuberculosis and compli- 
cating amyloid disease, showed dye reten- 
tion only in 2 out of 12 patients. These 
authors used however the original 2 mg. 
dose procedure. 

The 3 last-mentioned studies showing 
negative results with the 2 mg. dose of 
bromsulphalein even in the presence of 
marked pathologic anatomic changes as 
in complicating amyloidosis, and demon- 
strating definite disturbance with the 
more sensitive 5 mg. dose modification, 
seem to point the ivay to a clarification 
of the problem. We felt that Mth the 
further improA'ement of the test in the 
form of the serial bromsulphalein test and 
also the other fairly specific tests as the 
intravenous hippuric acid test, the choles- 
terol ester determination, the cephalin 
cholesterol flocculation and the determina- 
tion of a series of chemical serum compo- 
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nents related to liver function, a satisfac- 
tory result could be obtained. Based on 
the symposium on liver function tests® 
and the recent work on liver impairment 
in acute- disease,'^ we set up a study of 
liver function in a group of far-advanced 
cases, utilizing the follondng tests and 
laboratory procedures. 

Method. At first it was decided to select 
patients falling into the minimal, moderate, 
and far-advanced stages of tuberculosis. 
Later this was changed to include onl}'- a 
group of patients ndth far-advanced disease 
and without complicating tuberculous em- 
pyema or amyloidosis. All patients included 
in this series were carefull}’- inter^dewed for 
pre\dous histor}-^ of jaundice or biliar 3 '- colic. 
In addition, an e.vcretorj’- cholecystogram 
was done to rule out stones, and delayed 
emptying time of the gall bladder dj^e. 
Priodax was used vith the standard tech- 
nique ad\dsed. 

Program. 1st day. 7 a.m. Patient uri- 
nates and discards specimen. All urine for 
succeeding 24 hours is collected in a brown 
bottle supplied by laboratorj'. This bottle 
contains 5 gm. of NajCOj and 100 cc. of 
petroleum ether. Bottle must be kept out 
of intense light. (Urobilinogen.) 7:15 a.m. 
15 cc. of blood dra^m for cephalin cholesterol, 
bilirubin, cholesterol (total and ester) and 
phosphatase. 

2nd daj". 7 a.m. Patient urinates to com- 
plete 24 hour specimen. 7:15 -A-.m. 13 cc. 
of blood drawn for NPN, albumin, globulin 
and fibiinogen. 7:30 a.m. Serial bromsul- 
phalein test. 

3rd day. 7:30 a.m. Intravenous hippuric 
acid test. 

Results. In Table 1, attention is called 
to the fact that the non-protein nitrogen 
was within normal limits in every instance. 
Similarly, the total serum proteins were 
all in the upper levels of normal with 
normal albumin, globulin and fibrinogen 
amounts and ratios. I^Tiile these figures 
cannot be used as a true index of nutri- 
tional status, they at least show that the 
nitrogen levels were maintained. 

In regard to bilirubin, normal values 
for circulating bilirubin vary within wide 
limits. According to Lichtman,® values 
up to 0.5 mg. % have been found in nor- 


mal healthy humans, w^hile Cantarow^ and 
Trumper= quote up to 0.8 mg. as the high 
norm, with 75% of cases being below' 
0.5 mg. In this small series, figures ran 
from 0.13 to 0.60 mg., none high enough 
to be impressive. As for urobilinogen, 
normal values of 1 to 4 mg. are usually 
eliminated daily in the urine and our 
figures varied from 0.09 to 2.76 mg., again 
within normal limits. 

In Table 2, figures are given for the 
same 12 patients for studies in cholesterol 
as total free esters, and free as calculated 
for % of total. Normal total cholesterol 
figures range from 150 to 250,® although 
another authority^ places the lower nor- 
mal as slightly less (140). The ratio of 
free cholesterol to the total ranges in 
the normal from 20 to 40 %. Two patients. 
Nos. 7 and 12, show'ed significantly lower 
total figures, 111.8 mg. and 104.6. Both, 
how'ever, showed normal ratios of esters 
and free cholesterol and in neither case 
w’as the ester figure below' the “critical 
level ” of 60 mg. Parenchymal liver dam- 
age is usuallj' associated with a decline 
in the total cholesterol as well as the ester 
fraction but the decrease in the latter is 
relatively greater than in the total. Fac- 
tors other than liver function disturbances 
may influence the total cholesterol and 
its fractions, and it is considered unw'ise 
to regard this as more than an “omen” 
of liver damage according to Lichtman.® 
There is considerable difference of opin- 
ion as to the value of protluombin index 
as test of hepatic dysfunction. Normal 
and above normal findings may be mis- 
leading and even subnormal values can- 
not be considered as eridence of true dys- 
function. If values of 90 to 100% are 
regarded as normal. Cases 3, 7, 8, 9 and 
12 were below' 89 % and should be regarded 
as subnormal. The influence of absorp- 
tion of %'itamin K from the gastro-intes- 
tinal tract upon the prothrombin index 
cannot be measured e.xcept by the injec- 
tion of this substance. IMiether the 
change in prothrombin time following 
such injection can be taken as an index of 
hepatic function is still a moot question. 
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Increased serum alkaline phosphatase 
activity has been noted in patients \vith 
active tuberculosis.^ While not truly a 
test of hepatic function, it is almost 
invariably increased in clinical and experi- 
mental forms of hepatocellular jaundice. 
Bodansky uses a high norm of 4 units 
while Cantarow and Trumper^ insist upon 
a considerably higher value, up to 11 units. 


is also of interest that while 12 of the 
IS cases showed values greater than 
4 units, only 2 were above the higher 
norm of 11 units, and only 1 with a sig- 
nificant increase, readily explained. 

Quick’s modified intravenous hippuric 
acid synthesis, considered an important 
test of liver function is apparently little 
’affected in tuberculous patients. Accord- 


Table I.— Blood Chemistry in Cases of Advanced Tuberculosis 

Serum protein 





Non-protein 

Total 

Albumin 

Globulin 

Fibrinogen 


Bilirubin 

Urobilinogen 

nitrogen 

(gm./ 

(gm./ 


(gm-/. 


(mg./lOO cc.) 

(nig./24 hrs.; 

{mg./lOO cc.) 

100 cc.) 

100 cc.) 

100 CO.) 

100 cc.) 

1, B. H. , . 

. . 0 44 

0.24 

30 

7.78 

4.60 

2.79 

0.39 

2. H. B. . 

, . 0 53 

0 26 

29 

7.94 

4.91 

2.87 

0.16 

3. J. D. . 

. . 0 30 

0.67 

33 

7,54 

4.29 

2.98 

0.27 

4. L. Y. . 

. . 0 35 

0.15 

30 

7.37 

4.08 

2.60 

0.69 

5. G. T. . 

. . 0.43 

0.09 

26 

8.02 

4.49 

2.99 

0.54 

6. W. H. . 

. . 0.32 

0.05 

30 

7. 78 

4.78 

2.54 

0.46 

7. J. M. . 

. . 0.60 

0.21 

25 

8.13 

4,32 

3.31 

0.50 

8, W. D. . 

. . 0.34 

0.25 

26 

7.21 

3.81 

2.77 

0.63 

9. A. K. . 

. . 0.59 

0.13 

28 

7.80 

4.87 

2.30 

0.63 

10. I. K. . 

. . 0,24 

0,18 

19 

8 33 

4 00 

3.52 

0.81 

11. G. H. . 

. . 0,51 

2.76 

30 

7.82 

5.16 

2.03 

0.63 

12. M. L. . 

. . 0,13 

1.60 

27 

8 12 

3.66 

3.65 

0.81 


Table 2.— Hepatic Functional Tests in Cases of Advanced Tuberculosis 


Cholesterol 


1. B. H, . 

Ccphafbi 

cUolestero! 

. Neg. 

2. H. B. 

Neg. 

3. J. D. . 

. Neg. 

4. L. Y. . 

• Neg. 

5. G. T. . 

. Neg. 

6. W. H. . 

• Neg, 

7. J. M. , 

■ Neg. 

8. W. D. . 

• Neg. 

9. A. K. . 

■ Neg. 

10. I. K. . 

■ Nog. 

ll.G. H. . 

■ Ncg. 

12. M. L. . 

. 4-}- 

13. G. W, . 


14. B. W, . 


15. M. D. . 


16. F. B. , 


17. N. B. . 


18. E. K. . 



Hippuric 

acid 

Prothrombin 

index 

eaicuiafed as 
% of normal 

1.00 

90 0 

0 40 

86 3 

1 11 

SO 9 

1.13 

88 9 

1,16 

112 4 

1.34 

89 0 

1 22 

86.9 

1.70 

85 2 

1 .40 

70,5 

1 .40 

118 7 

0 SO 

90 8 

1,09 

76 0 


Alkaline 

phosphatase 

(Bodansky 

units) 

Total 
(mg./ 
100 CO.) 

5 30 

22S 2 

5 41 

158 8 

5.20 

144.5 

6.50 

236 0 

2 50 

136 3 

4 30 

143 2 

6 80 

111 8 

12 90 

150 0 

7 30 

197.3 

G 10 

189.7 

28,80 

209 0 

2 60 

104.6 

6-10 


3.10 


3.20 


2.40 


3.70 


4,40 



Free 

Esters 

Free 

(mg./ 

(mg./ 

as % of 

100 CO.) 

100 cc.) 

total 

76 4 

151.8 

33.5 

34 6 

124.2 

21.8 

48.6 

95.9 

33.6 

74.9 

161.1 

31.7 

41 6 

94.7 

30 5 

38. 9 

104.3 

27 2 

37.2 

74.6 

33 3 

57.4 

92 G 

38 3 

62.0 

135.3 

31.4 

54.1 

135.6 

28. 5 

62.0 

147,0 

29,7 

36.4 

08.2 

34.8 


before placing any significance in the test. 
There was only 1 significantly increased 
value in the series of IS cases, Patient 11, 
with a figure of 2S.S units (Bodansky). 
It is interesting to note that this patient 
has both a far-advanced pulmonary lesion 
as well as progressive osseous invoh'ement. 
This latter destructive process could very 
well explain the high values obtained. It 


ing to Quick, any urinary output of less 
than 0.7 gm. of benzoic acid as hippuric 
acid in the 1 hour urine specimen indicates ' 
some degree of impairment of hepatic 
function. In only 1 case (No. 2) was the 
reported value subnormal, 0.46 gm. The 
same negative results were found in 
Hanger’s cephalin cholesterol flocculation 
test using Difeo unripened cephalin as 
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advised by Mateer el al.^ Case 12 showed 
a 4+ reaction while all the others were 
negative. 

Of all the studies done in this series, the 
bromsulphalein test is the most important 
in the diagnosis of disturbance of the 
excretory; function of the liver. By throw- 
ing a large excretory load upon the liver, 
marginal impairment of function may btf 
detected. Diffuse disease of the liver 
without obstruction supposedly is best 
directed with this method. The modified 


appearance of the dye after injection oi 
5 mg. of bromsulphalein per kg.” 

Table 3 shows the results of the 5 mg. 
test in 17 patients using the 45 minute 
period. Sev’-en cases, hfos. 2, 6, 7, 8, 10, 
11, 12 and 15, showed retention of the dye. 

Discussion. In the study of hepatic 
function, the choice of tests is difficult 
because of the large number as well as 
the many conflicting claims made for 
each. It has been demonstrated by many 
workers that there is no constant correla- 


Tabi.e 3. — Sekial Bhomstu/Phalein Test in Pah-advanced TcBERCtiLOSis 



% retention measured at 5 minute intervals after injection 


5 

10 15 20 25 30 35 40 

45 


1. B.H. . . 

. . 85 20 

8 

4 

QNS 

2 

0 

0 


0 

2. H. B. . . 

. . 60 30 

20 

15 

10 

7 

7 

7 


5 

3. J. D. . . 

. . 70 35 

15 

7 

4 

0 

0 

0 


0 

4. L. y, . . 

. . 65 25 

15 

7 

6 

5 

0 

0 


0 

5. G. T. . . 

. . 65 25 

15 

7 

2 

32 

0 

0 


0 

6. W. H. 

. . 80 35 

20 

10 

8 

7 

6 

6 


4 

7. J. M. . . 

. . 85 25 

15 

10 

S 

6 

S 

4 


2 

8. W. D. 

. . 70 40 

20 

15 

12 

10 

8 

8 


7 

9. A. K. . . 

. . 90 35 

20 

10 

7 

0 

0 

0 


0 

10. I. K. . . 

. . 60 .20 

10 

5 

2 

0 

0 

0 


0 

11. G. H. . . 

. . 90 40 

30 

20 

20 

QNS 

QNS 

20 


20 

12. M. L. 

. . . . * • 

, , 

. , 



7 



7 

13. G. IV. 

. . 55 40 

25 

20 

20 

is 

18 

is 


18 

14. B. W. . . 

. . 55 20 

10 

5 

3 

0 

0 

0 


0 

15. M. D. 

. . 55 25 

IS 

7 

5 

0 

0 

0 


0 

16. N. E. . . 

. . 90 55 

35 

20 

15 

10 

7 

5 


4 

17. E. K. . . 

. . 45 22 

12 

7 

6 

4 

0 

0 


0 


Table 4. — A Sttjdv of Abnoruai, Valdes in 

Hepatic Function 









Cholesterol 





Hippuric 

Cephalin 




^ 

Bromsulphalein 


add 

cholesterol 

Phosphatase 

Total 

Esters 

45 min.) 

2. H. B. 

. . . 0.46 

Neg. 

5.41 


158.8 

124.2 


5 


6. T7. H. 

. . .1.34 

Neg. 

4.30 


143.2 

104.3 


4 


7. J. M. 

. . . 1.22 

Neg. 

6,80 


111.8 

74.6 


2 


8. W. D. 

. , . 1.70 

Neg. 

12,9 


150.0 

92.6 


7 


11. G. H. 

. . . 0.86 

Neg. 

28.8 


209.0 

. 147.0 


20 


12. M. L. 

. . .1.09 

4+ 

2.5 


104,6 

68.2 


7 


13. G. W. 

• • • 


6.1 


. . 

■ ■ 


18 


16. N. E. 




3.7 



•- 


4 



test using 5 mg. per kg. dose was applied 
taking 5 minute serial samples of blood up 
to 45 minutes. Mateer ct al.^ have care- 
fully studied the entire problem of normal 
• and abnormal results and definitely state 
that in a study of normal young people, 
“the dye had completely disappeared 
from controls in 30 minutes, in 86% in 
35 minutes, in 96% in 40 minutes and in 
100% ... in 45 minutes. The 45 
minute period has been adopted therefore 
as the normal standard for complete dis- 


tion_^betv’een results obtained from differ- 
ent tests in the same indi%’idual. The 
specific objections levied against function 
studies may be stated as (1) the tremen- 
dous reserve power of the liver; (2) the 
numerous functions of the liver so that 
any one test is insufficient to judge the 
function of the whole; and (3) the tests 
lack sensitivity.^ These objections have 
all been answered by Lichtman who also 
states “It has long been recognized that 
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there is no correlation between structure 
and function of the liver cells.” 

Although the actual pathologic process 
in the liver of tuberculous patients usually 
is not a striking one, one may expect to 
find functional abnormalities in such pa- 
tients with a toxic wasting illness affecting- 
all of the body so profoundly. It is there- 
fore not unexpected that patients with 
far-advanced long-standing tuberculosis 
would show changes in one or another of 
the functional studies done. . 

A recapitulation of the abnormal find- 
ings in Table 4 show that the only patient 
with the best correlation of abnormal 
function was M. L. (No. 12) with a 4-{- 
cephalin cholesterol flocculation test, a 
low cholesterol and retention of brom- 
sulphalein. This patient had extensive 
amyloidosis with a 100% retention of 
Congo red, an enlarged liver and spleen, 
and albuminuria. The only other amy- 
loidosis patient in this series, G. H. (No. 
11), showed a high phosphatase activity 
e.xplained possibly by extensive osseous 
tuberculosis, and a considerable brora- 


sulphalein retention, but with otherwise 
normal findings. 

A careful study of Table 4 shows that 
there is no uniform correlation of findings, 
with hippuric acid synthesis and cephalin 
cholesterol flocculation showing the least 
positive, while the bromsulphalein excre- 
tion gave the greatest number of positive 
results. 

Conclusions. 1. Hepatie function stud- 
ies were done in cases of far-advanced 
pulmonary tuberculosis. 

2. In addition to static values for NPN, 
serum proteins, total cholesterol and chol- 
esterol partition, prothrombin phospha- 
tase bilirubin, urobilinogen, other studies 
were done such as Hanger’s cephalin 
cholesterol flocculation test, hippuric acid 
synthesis and the 5 mg. serial brom- 
sulphalein test. 

3. Hepatic dysfunction was demonstrat- 
ed in a large percentage of cases. 

4. The serial bromsulphalein test show- 
ed the greatest number of positive results. 

5. The most outstanding abnormalities 
were found in 2 patients -nnth complicating 
amyloidosis. 


REFERENCES 

1. Aubektin, E.: Le Foie et la Tuberculose, Paris, M. Guitard, 1922. 

2. Cantaro-w, a., and Trumpeb, M.: Clinical Biochemistry, Phila., W. B. Saunders, 1945. 

3. Kruger, A. L., and Gerber, I, E.: Bromsulphalein Liver Function Test in Pulmonarj^ Tubercu- 
losis, Am. Rev. Tubcrc., 46, 439, 1942. 

4. Levinson, S, A., and Siegae, H. A.: The Bromsulphalein Test and Blood Cholesterol in Pulmon- 
ary Tuberculosis, Am, Rev. Tubcrc., 38, 229, 193S. 

5. Lichtman, S. S,: Diseases of the Liver, Gallbladder and Bile Ducts, Phila., Lea & Febiger, 1942. 

6. Mateer, J. G., Baetz, J. I., Marion, D, F., and MacMilean, J. M.; A Comparative Evaluation 
of the Newer Liver Function Tests, J. Am. Med. Assn., 121, 723, 1943. 

7. Neefe, j. R., Stokes, J., Jr., Reinhoed, J. G., and Lukens, F. D. W.; Hepatitis Due to Injec- 
tion of Homologous Blood Products in Human Volunteers, J. Clin. Invest., 23, 836, 1944. 

.8. Steide, j. H., and Heise, F. H.: (a) Studies of Liver Function in Advanced Pulmonary Tuber- 
culosis, A.M. J. Med. Sci., 186, G3I, 1933; (b) Hepatic Function in Pulmonary Tuberculosis, Am. Rev 
Tubcrc., 32, 677, 1935. 

9. Tiber, A. M.. Pearlxe\n, A. W., and Cohex. S. E.: Hepatic Function in Patients With Amy- 
loidosis, Arch. Int. Med., 68, 309, 1941. 



436 


HIGGINS: THE ESOPHAGEAL VARIX 


THE ESOPHAGEAL VARK 
A Report of One Hundred and Fifteen Cases 
By WiLLLfUi H. Higgins, Jr., M.D. 

ASSISTANT IN AIPUICINE, UNIVERSITV OP CALIFORNIA MEDICAL SCHOOL; AND HOUSE OFFICER 
IN MEDICINE, SAN FRANCISCO HOSPITAL 
SAN FRANCISCO, CALIFORNIA 

(From Division of Medicine, University of California Medical School and San Francisco Hospital) 


Esophageal varices have ahvays been 
a dreaded complication of patients mth 
diseases causing increased pressure in the 
portal vein. These varices, although often 
silent, insidious and symptomless in de- 
velopment, frequentlj' rupture suddenly 
and control of the hemorrhage is usually 
unsuccessful. Recent advances in the 
early treatment of this disease give some 
hope of changing its relentless progress 
toward eventual rupture and e.xsanguina- 
tion to possible cure and eradication of 
the varLx. An understanding of the patho- 
genesis of this condition, its incidence, and 
the utilization of the means of early diag- 
nosis and prompt institution of treatment 
are most important in making this possible. 

Pathogenesis. Kegaries® demonstrat- 
ed that a communication exists between 
the portal and caval system by way of 
the esophageal veins: they have at one 
end anastomoses ■with the splenic and 
coronary veins of the portal system and 
at the other Yuth the azygos, intercostal 
and diaphragmatic veins of the systemic 
circulation. The absence of valves in the 
coronary vein makes a reversal of direction 
of blood flow possible, so that in portal 
hypertension the blood tends to dam back 
and enter the systemic circulation b^’’ way 
of the esophageal anastomoses. The dam- 
ming back of blood from the portal system 
through the coronarj' vein overtaxes the 
capacitj' of the esophageal veins and in 
this manner varicosities begin. Other 
factors which contribute to their develop- 
ment are the poor support which the 
esophageal veins receive by the loose con- 
nective tissue in the esophageal submucosa 
and the sucking action of the diaphragm 
during respiration. The anatomic loca- 
tion of esophageal %'arices constantly ex- 


poses them to trauma which may lead to 
fatal bleeding. 

The tributaries of the portal vein consti- 
tute the venous drainage from the gastro- 
intestinal tract, the gall bladder, the pan- 
creas and the spleen. Portal hypertension 
may take place as result of block of this 
venous return occurring within the liver 
as in cirrhosis, or extrahepatically along 
part or all of the portal system. T\Tiipple’® 
speaking of portal hypertension has said: 
“If there is a high retention of the brom- 
sulphathalein in the blood 30 minutes 
after intravenous injection, if the hippuric 
acid test is positive, if there is a reversal 
of the albumin globulin ratio or if the 
cephalin flocculation test is positive, the 
presence of a cirrliosis \nth intrahepatic 
portal block is fairly certain. On the other 
hand, if these tests are negative it is safe 
to assume that block is extrahepatic.” 
Extrahepatic block is most commonly 
due to chronic congestive splenomegalj^ 
(Band’s s;^’Tidrorae or to splenic vein 
thrombosis. 

Diagxosis, Early diagnosis of the 
esophageal vari.x has always been exceed- 
ingly difficult and usually the disease is 
unrecognized until a patient with cirrhosis 
of the liver or splenomegaly lias 1 or more 
episodes of hematemesis. Frequently it 
is not suspected and is found at the 
autopsy table or by coroners investigating 
causes of sudden death. In 1925 Chevalier 
Jackson® suggested esophagoscopy as an 
aid in diagnosis, but this method has not 
been widely used for fear of producing 
fatal hemorrhage by abrasion of the var- 
ices during instrumentation. With careful 
use, however, esophagoscopy is justified 
and there is minimal risk. Varices are 
usually demonstrated with ease hy this 
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procedure and sometimes they are so To demonstrate these one must coat the 
large that they appear to occlude the esophageal 'lumen with a thm^ layer ot 
lumen of the esophagus (Fig. 1). barium mixture. A thick mixture of 

In 1928 WolF'^ first demonstrated esoph- barium is usually not satisfactory, ihe 
ageal varices by the use of Roentgen rays varices, as a rule, are smaller when the 



Fiq. 1. — Esophageal varices as seen through an esophagoscope. 



Fig. 2. — Roentgen ray r-isualization of esophageal varices vith opaque suspension in 2 patients. 


and these observations have been confirm- patient is in the upright position and the 
ed many times. The principle of Roentgen examination is best performed when the 
ray visualization depends upon tlie bulging patient is horizontal and “ bearing doivn.” 
of the dilated veins into the lumen of the Sometimes they are demonstrated at fluo- 
esophagus causing an uneven worm-like roscopy but usually “spot” films are 
appcvirancc along the inner surface (Fig. 2). necessary. One must remember that var- 
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ices are compressible anatomic formatioi^ 
and various factors such as - peristalsis, 
position and respiration may influence 
their filling. 

In the differential diagnosis of the 
Roentgen ray picture, according to Plotz 
and Reich, one should rule out food 
particles, polyps, new growths and cardio- 
spasm. Repeat examinations after thor- 
ough evacuation of food will usually elimi- 
nate the possibility of food particles. 
Polyps may be ruled out because in this 
condition there is a rapid passage of ba- 
rium and an absence of obstruction in pro- 
portion to the degree of protrusion. It is 
important to differentiate new growths 
of the esophagus and these often are ruled 
out by the softness of the esophageal wall 
and its elasticity which appears un- 
impaired. Esophagoscopy is sometimes 
necessary. In cardiospasm there is usu- 
ally a smooth esophageal wall unlike that 
when varices are present. 

Careful roentgenographic study of the 
esophagus is indicated in all persons who 
show e%ndence of portal hypertension. It 
is to be remembered that negative Roent- 
gen ray or fluoroscopic findings do not 
rule out the possibility of varices and 
esophagoscopy may be necessary.' 

There is some question as to the ad\asa- 
bilitj^ of these procedures in patients who 
have already had episodes of hematemesis 
and indimdual consideration must be given 
each case. When there is no evidence or 
historj’^ of recent bleeding, Roentgen ray 
examination and esophagoscopy are un- 
likely to promote new hemorrhages. 

Incidence. There is considerable varia- 
tion in the literature as to the incidence 
of esophageal varices and the frequency 
of hemorrhage from them, whether fatal 
or not. In 1900, Preble,^ in a study of 
60 cases of fatal gastro-intestinal hemor- 
rhage occurring in patients with cirrhosis 
of the liver, found esophageal varices in 
SO % and in half of these was able to dem- 
onstrate rupture of the varix, Mdndoe® 
reporting 26 deaths due to cirrhosis found 
ruptured esophageal varices in 50% of 
them. Rivers and Wilburi’ reriewed 6K 


patients who came to the Mayo Clinic 
until a primary complaint of hematemesis 
and found that bleeding was attributable 
in 5.1% of the cases to cirrhosis of the 
liver or splenic anemia. 

In this study 115 cases of esophageal 
varices occurring since 1919 at the San 
Francisco City and County Hospital (De- 
partment of Public Health, City of San 
Francisco) are reported. Of these cases, 
84 had proven esophageal varices by 
Roentgen ray, esophagoscopy, or autopsy. 
The remaining 31 were so diagnosed clini- 
cally because of strongly suggestive his- 
tory, phj’sical and laboratory findings and 
clinical course. It should be noted that 
difhcuities in reporting statistics of this 
disease are especially great because pa- 
tients are frequently admitted in shock and 
die before an adequate history can be 
obtained and the diagnosis is made at the 
autopsy table; whereas in other cases 
where a history, physical examination, 
laboratory studies and course all indicate 
cirrhosis of the liver or chronic congestive 
splenomegaly, perhaps with esophageal 
varices, an autopsy is not obtained or the 
varices are not demonstrated at postmor- 
tem examination. The 31 clinically diag- 
nosed cases of esophageal varices were of 
this group. The inability to demonstrate 
esophageal varices at autopsy is well 
knoum. It is generally conceded that 
many more could be demonstrated if con- 
trast media were injected to detect them 
but this procedure is not the general prac- 
tice at this hospital. Consequently at 
best one is only able to acquire the approxi- 
mate incidence of esophageal varices and 
the frequency of related fatal hemorrhage. 

It is of interest to note (Table 1) that 
61 % of these patients entered the hospital 
because of hematemesis and 84 % of these 
(or-51 % of the total group) died of hemor- 
rhage. Onlj' 1S% of those studied gave 
a history of previous episodes of liematem- 
esis, which gives a rather ominous out- 
look for the patient with esophageal var- 
ices when he first vomits blood. There 
was a history of excessive alcoholism in 
61 % and in 80% cirrhosis of the liver was 
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either diagnosed or found at autopsy 
(Table 2). Other causes of esophageal 
varices resulting from portal hypertension 
included chronic congestive splenomegaly, 
gumma of the liver, portal vein thrombosis 
and tumors of the liver. The age of the 
patient varied from 26 to 80 years, the 
average of the whole group being 50. 


tion or spider angiomata in the cases stud- 
ied (Table 3). The incidence of peripheral 
nem-itis was surprisingly low in a group 
composed so largely of alcoholics. 

At best, then, one can say that esopha- 
geal varices are a frequent complication 
of portal hypertension and it is with just 
cause that both patient and doctor await 


Table 1.— Mobtality of Patients Who Entered Complaining of Hematembsis and the 
Incidence of Previous Hemorrhages in the 115 Cases of Esophageal Varices Studied 



Group A 
(84 proven 
cases) 

Group B 
(31 clinically 
diagnosed cases) 

Total 
(115 cases 
both groups) 

Presenting complaint; hematemesis 

. o’ 32 

9 24 

d' 10 

9 4 

Both sexes 70(61%) 


56 (66%) 

14 (45%) 


Previous history of hematemesis . 

. cf 11 
$ 4 

o’ 9 

9 1 

Both sexes 25 (22%) 


15 (18%) 

10 (32%) 


Died of hemorrhage .... 

. c? 31 

9 18 

d 7 

9 3 

Both sexes 59(51%) 


49 (59%) 

10(32%) 



Mortality of total group of patients who entered with presenting complaints of hematemesis: 69 of 70 
(S4%). 


Table 2.— Average Age, Incidence of Cirrhosis and History of Alcoholism in 
115 Cases of Esophageal Varices Studied 



Group A 
(84 proven 

Group 5 

(31 cases clinic.ally 

Total 


cases) 

diagnosed) 

(115 cases) 

Average age 

. . o’ 50 

d 54 

50 years 


9 47 

9 49 

Incidence of cirrhosis . 

. . c? 40 

d 20 

92 (80%) 


9 23 

9 9 


63 (75%) 29 (94%) 

Historj’^ of alcoholism ... o’ 26 O’ 16 70 (61%) 

9 20 9 8 


46 (55%) 24 (80%) 


The vast majority of the patients had 
an unexpected sudden onset of hemorrhage 
usually unrelated to stress, cough or eat- 
ing. In 4 the bleeding occurred while the 
patients were asleep and they woke up 
with feelings of nausea and vomited blood. 
Five of the patients noted the onset of 
their hematemesis following a blow to their 
abdomen or thorax and several more asso- 
ciated their onset with coughing. There 
seemed to be no relation between the oc- 
currences of varices and the presence of 
an enlarged liver or spleen, jaundice, 
ascites, edema, collateral nervous circula- 


Tadle 3. — Occurrence of Miscellaneous 
Physical Findings of the 115 Patients 
With Esophageal Varices 

No. 

cases 


Enlarged iivor 81 

Jaundice 38 

Ascites 37 

Edema 18 

Palpable spleen 20 

Collateral venous circulation . . 24 

Peripheral neuritis ' 8 

Spider angiomata 23 


with alarm and fear their development 
and eventual rupture. Such a poor prog- 
nosis should be sufficient reason for a 
relentless search for a method of eradica- 
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tion and treatment of this situation, 
generally thought hopeless. 

TREATiiENT. Until quite recently the 
treatment of esophageal varices has been 
very discouraging. Medical treatment 
has been more directed at the underljdng 
condition. In patients with cirrhosis of 
the liver diets high in protein, carbohy- 
drate and vitamins and the use of liver 
concentrates have been of some value in 
improving liver function, and this prob- 
ably reduces the likelihood of varices 
developing. Mercurial diuretics have 
been only palliative. Drenckhahn® sug- 
gested that blood with a lower rnscosity 
might pass more easilj’' tlirough the liver 
since it presented less obstruction and in 
this way the portal pressure ivould be re- 
duced. He found that some patients who 
had frequently bleeding esophageal varices 
bled when the total red blood count was 
close to normal. The blood at this time 
is considerablj’’ more %ascid than when 
there are about half the normal number 
of red blood cells present. He reported 
the successful treatment of 1 patient 
whose blood he kept at a low \nscosity by 
repeated venesections. Tliis method, how- 
ever, has not received general use. 

Treatment of the reported cases of this 
paper was only palliative and was entirely 
unsatisfactory. All of the patients were 
treated for shock, sedated, kept at bed 
rest, and dietary precautions were ob- 
observed. About half were given plasma 
or whole blood transfusions during the 
bleeding phase. Some authorities main- 
tain that the increase in blood volume 
which occurs during transfusion is unwise 
during a hemorrhage in that the tear in 
the vascular wall is less likely to close at 
this time. However, we noticed no sig- 
nificant difference in the group who re- 
ceived transfusions. 

More favorable results have been ob- 
tained by surgical intervention. Removal 
of the spleen is perhaps the most common 
surgical procedure although some observ- 
ers rejwrt recurrences of hemorrhages 
from esophageal varices following splenec- 
tomy.* Omentope.xy has been done to 


establish collateral circulation around the 
liver tlrrough the veins of the peritoneum 
and the abdominal wall, especially tluough 
the superior epigastric veins. Interrupt- 
ing the flow" of blood to the esophageal 
veins by ligation of the coronary vein 
with or without splenectomy as described 
by Rowmtree, Walters and Mclndoe’^ 
produced favorable results in some cases. 
Moersch in 194U reported the injection 
of sclerosing substances into the varices 
under direct \dsion rvith the use of the 
esophagoscope but thought this method 
should follow' splenectomy. Patterson 
and Rouse® reported in 1946 injecting the 
esophageal ^'a^ices of 8 patients with 5% 
sodium morrhuate. TSvo later died from 
bleeding varices. It is interesting that 
thej' treated successfully by injection the 
bleeding varices of 1 patient w'hile he 
w'as in shock from loss of blood and were 
able to stop the bleeding. The success 
of this treatment, although heroic in 
nature, should be home in mind w'hen 
one is confronted with similar patients 
w’ho are moribund from bleeding esopha- 
geal varices. Neither vein ligation nor 
the injection treatment per sc of the 
esophageal varices is physiologically sound, 
for unless other methods are used to re- 
duce the portal hypertension the varices 
most likely will recur. 

A more ph 3 ’siologic approach to the 
treatment of the esophageal vari.v is that 
of lowering the pressure in the portal vein 
which in turn will decrease the pressure 
in the esophageal veins. This can be 
done bj’ anastomosing the portal and caval 
circulations. In 1877 Eck* first suggested 
this as a method of sidetraeking the ven- 
ous return in obstruetion of the portal 
vein. The Eck fistula procedure has been 
tried occasionally’ since then, but the high 
operative mortality discouraged its general 
use. The recent developments in vascular 
surgery has renewed the interest in this 
procedure. In 1946 Blakemore and Whip- 
ple*'*® reported portocaval anastomotic 
procedures on 14 patients, 4 with extra- 
hepatic portal obstniction and 10 with 
intrahepatic obstruction due to portal 
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cirrhosis. There were 2 postoperative 
deaths, both among the cirrhosis group, 
but the remainder were considerably im- 
proved, and had little or no gastro-intes- 
tinal bleeding postoperatively. Several 
had marked reduction in ascites. 

Blalock^ recently has supported the 
portocaval shunt operation in the treat- 
ment of ascites and gastro-intestinal 
bleeding as being the most sound of any 
of the methods of treatment so far advo- 
cated and has done this procedure on 
selected cases. The technical skill required 
for the operation is considerable and its 
success depends upon the portocaval junc- 
tion not breaking down and remaining 
patent enough for an appreciable amount 
of blood to by-pass the liver. 


It is hoped that further experience ac- 
companied by good results will popularize 
this first physiologic attack on a serious 
problem so far unsolved. 

Summary. Of 1 15 patients with es opha- 
geal varices reported here, 70% entered 
the hospital with the presenting complaint 
of hematemesis and 84% of these died of 
hemorrhage shortly after admission. A 
previous history of hematemesis was 
elicited in 22%. Other factors including 
the incidence of cirrhosis, alcoholism, age 
and physical findings of these patients are 
presented. The pathogenesis and meth- 
ods of diagnosis of esophageal varices are 
described and the various forms of treat- 
ment including the recent work on porto- 
caval anastomoses are discussed. 
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THE ACTION OF PENICILLIN ON TKEPOlfBMA PALLIDDM* 
By HERJLA.N Beeraun, M.D. 

PHILADELPHIA, PENNSYLVANIA 


Although it is just a little more than 4 
years since Mahoney, Arnold and Harris®^ 
demonstrated that penicillin was effective 
treatment for early sj'philis in rabbits 
and man, a voluminous literature has ap- 
peared on the value and limitations as 
well as possible mechanism of this action. 
Since the first trials of penicillin in syphil- 
otherapy, many new dei'elopments have 
conditioned the degree of this antispiro- 
chetal effect. Commercial penicillin has 
been shown to be a mixture of several 
tj^pes, named in this country F, G, X 
and K, each, as well as the commercial 
product, with its own pharmacologic ac- 
tion against spirochetes in riiro and in viro; 
impurities in the original mixtures have 
an activity against spirochetes; the indi- 
xddual penicillin types in the crystalline 
state act differently from mixtures con- 
taining var\dng amounts of the various 
types, and latelj- penicillin has been syn- 
thesized, a development which as yet has 
jdelded no opportunity' for tliose inter- 
ested in syphitotherapy to take advantage 
of. It has also been demonstrated that 
penicillin has similar potency against 
other spirochetal infections such a.s relaps- 


ing fever, yaws,»^'®2'“-« Weil's dis- 
ease,^ Vincent’s infection,®’ and 
rat-bite fever.®’'^'®’’®®'^ Employment of 
penicillin in these diseases may yield 
rapid methods for determining the value 
of various penicillins against sj'philis. In 
addition to the group specific action of 
penicillin against various spirochetes, it 
apparently has a x'aried effectiveness 
against virulent Treponema pallidum as 
contrasted ivith avirulent cultured organ- 
isms of so-called Reiter, Nichols and Kazan 
strains. In spite of careful evaluation of 
the many factors defining the mode of ac- 
tion of penicillin on spirochetes, especially 
T. pallidim, the exact mechanism and site 
of action are little understood. However, 
because of the industry of a group of 
laboratory investigators (Eagle, Mahoney, 
Chesney, Magnuson, Fleming, Rosahn, 
Levaditi, Carpenter, Rake and their asso- 
ciates), sufficient data on various aspects 
of the problem of the effect of penicillin 
on T. pallidum are ai'ailable for review. 
We intend to discuss this material under 
the following heads; The actirity of pen- 
cillin against T. pallidim in tiiro, includ- 
ing commercial penicillins F, G, X and K; 


* Trtpoixma. paHidum and Spirochxla prjlida arc used intcrrfi.'incenhly n.s the designation for the 
orRanism allescd to cause sj-philis. 
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the effect of penicillin in experimental 
rabbit syphilis, including the effectiveness 
of commercial penicillin, penicillins F, G, 
X and K and impurities of commercial 
penicillin; resistance to penicillin; and the 
mode of action of penicillin on T. palliduvi. 

At present, information on the various 
topics listed abo’i^e is limited in many 
respects and, as is usually the case, results 
from in vivo animal studies and in viiro 
experiments cannot be directly applied to 
the problem of human infection with 
syphilis. Although there is in general a 
rough parallelism between the in viiro 
activity of penicillin against various organ- 
isms and its clinical use in infections caused 
by them, various factors in animals and 
man, variations in absorption, excretion, 
the presence of inhibitors and the com- 
plex nature of the difficult to cure disease, 
syphilis, etc., may cause this relationship 
to break down in specific instances. 
Another desideratum for the future study 
of the effects of penicillins on T. 'pallidum 
is a standardized preparation with dosage 
in milligrams and not in terms of potency 
against a particular organism unrelated 
to that alleged to cause syphilis. In this 
connection, Moore^®^ has aptly stated that 
“To express dosage in syphilis, caused 
by the Trcponeme pallidum, in terms of 
staphylococcus units determined in viiro is, 
to say the least, a non sequiiur. 

“What appears to be needed, therefore, 
now that the honeymoon is over, is a 
systematic and painstaking study of the 
following: 

“ 1. E.xact definition of the basic chemi- 
cal structure of penicillin, and if possible, 
its synthesis. 

“2. Separation from commercial penic- 
illin of its various species, and their prepa- 
ration in pure crystalline form. 

“3. The expression of dosage in gravi- 
metric forms, c., milligrams in place of 
units. 

“ 4. The chemical synthesis of new modi- 
fied penicillin. 

'5. The rate of absorption and excre- 
tion of each penicillin as prepared fn 
crj'stalUue form. 


“ 6. The effectiveness, both in vitro and 
in vivo, of each crystalline penicillin against 
various bacteria. 

“7. Toxicologic, pharmacologic, and 
therapeutic study of each crystalline pen- 
icillin.” 

The Action of Penicillin on T. 
Palliduai in Vitro. In 1944, Eagle and 
Musselman^'^°-^ made an extensive study of 
the spirocheticidal action of commercial 
penicillin in vitro and its temperature co- 
efficient. In view of the fact that patho- 
genic spirochetes have as yet not been 
cultured, recourse was had to non-patho- 
genic strains, especiallj’- the so-called 
Reiter strain. Penicillin was found to be 
actively spirocheticidal in vitro (direct 
spirocheticidal effect) against the Reiter, 
Kazan, Nichols and Noguchi strains of 
T. pallidum and a strain of mouth spiro- 
chetes. The threshold concentration was 
0.01 unit per cc. (1 : 160,000,000 penicillin). 
The rate and degree of action increase 
with the concentration of penicillin up to 
a level of 0.1 to 0.25 unit per cc., which 
rendered more than 99 % of the organisms 
non-vialjle within 12 hours. Higher con- 
centrations did not appreciably accelerate 
the effect. Within limits (4 x iOMO'^ 
organisms per cc.) the initial rate at which 
the spirochetes were killed was not affected 
by this number but the amount of pen- 
icillin required to sterilize suspensions of 
varying density varied to a large extent 
with the initial number of organisms. It 
was found that the organisms remained 
actively motile for a period of S to 24 
hours after they had been rendered non- 
I'iable by the action of penicillin. Higher 
concentrations (500 units of penicillin per 
cc. or approximately 10,000 times an ef- 
fectively spirocheticidal concentration) did 
not accelerate that delayed immobilization. 
Thus, although penicillin rapidly renders 
organisms non-viable, the metabolic sys- 
tem afl'ected is not immediately essential 
to the life of the cell, and the motility and 
presumably other Autal functions remain 
unaffected for a significant number of 
hours. The rate at whicli organisms were 
killed by penicillin increased with tern- 
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perature in the range of 8° to 40° C: Of 
an original inoculum of 10® spirochetes 
per cc. exposed to penicillin, the percentage 
of organisms survivmg after 24 hours was 
100 at 80° C.; 10 at 22° to 23° C.; 1 at 
32° to 33° C.; and only 0.02 at 30° to 
40° C. These results were independent 
of the concentration of penicillin in the 
range of 0.25 to 250 units per cc. They 
suggest that the combined use of pen- 
icillin with fever in the treatment of 
syphilis may be more effective than either 
one alone. Lee and Foley-® showed in 
vitro that with other organisms (not spiro- 
chetes) within the range of 37° to 42° C., 
the action of penicillin is enhanced by 
increased temperature. They found that 
the action is furthermore far greater on 
organisms undergoing rapid rate of growth. 
At high temperatures the drug kills organ- 
isms that are not undergoing growth, an 
effect which would otherv'ise require ex- 
cessively high concentrations of the drug. 
The same synergistic, action of fever and 
penicillin has been noted by Hoyt, Pratt 
and Levine.®® Dunham, Hamre, LIcKee 
and Rake,^® employing the technique of 
Eagle,*®*^ using Nichols strain of Spirochxfa 
pallida, obtained from rabbit testes in the 
stage of acute orchitis, found penicillin 
to be spirocheticidal when relatively high 
concentrations (800 to 1600 O.xford units 
per O.S ml.) were used. Bessemans and 
Derom,®"^ confirming an earlier experi- 
ence®” and using fragments made of about 
1 c.mm. of testicular syphiloma of the 
rabbit rich in spirochetes and physiologic 
emulsions homogenized by gentle centrifu- 
gation so that there were about 2 to 
3 motile treponemas per field, found that 
after 3 hours of action at 37° C. penicillin 
was treponemicidal in vitro in a concentra- 
tion of 10,000 units per cc. A concentra- 
tion of 1000 units produced partial action 
as judged by the retarded appearance of 
lesions in rabbits’ testes. The state of 
the pathogenic material did not influence 
the results; the penicillin seemed well dif- 
fused in the tissues. ^loore®®® cites un- 
published work of Eagle to the effect that 
exposure of pathogenic treponemas to the 


commercial penicillin, in a concentration 
of 64 units per cc. at 37° C. for periods of 
from 8 to 24 hours, did not impair their 
infectiousness. “This paradoxical finding, 
inconsistent either with the direct spiro- 
cheticidal action of penicillin on cultured 
spirochetes, or its effect on pathogenic 
Treponema pallidum in vivo, has not yet 
been explained.” 

The effect of penicillin in vitro on spiro- 
chetal and other microbic morphology, 
observed by darkfield on the electron 
microscope, has been reported bj' various 
investigators. Details and the possible 
significance of their findings will be dis- 
cussed below. 

Commercial penicillin contains at least 
4 molecular species (F, G, X and K in 
this country, and penicillin I, II, III and 
K respectively in Great Britain). They 
differ from each other in the nature of 
the side group attached to a common ' 
nuclear structure. These penicillins are 
known to vary in their bactericidal activ- 
ity in vitro (Ory ct al.,‘*^ Veldee cl al.,H 
Welch ct o/.,®' Libby ct al}^) Compared 
with penicillin G, rated as 100, the rela- 
tive activities per mg. of penicillin F, G, 
K and X against Staphylococcus aureus are 
reported to be 90, 100, 140 and 55 respec- 
tively (1550, 1667, 2300 and 900 units/ 
mg.). Eagle and Musselraan*'” found that 
crystalline specimens of F, G, K and X 
have a relative gravimetric activity in 
vitro of 82, 100, 120 and 140 against the 
C-203 strain hemolytic streptococcus, and 
53,100, 75 and 50 respectively, against a 
cultured strain of Spir. pallida (Reiter). 

In addition to the 4 forms of penicillin 
in the commercial product, there are dif- 
ferent amounts of other substances of un- 
knovm nature. As was the case with the 
arsenicals, purification of penicillin has re- 
sulted in a somewhat lessened antispiro- 
chetal activity. This is suggested by the 
larger and larger dosages of penicillin salts 
needed for the control of clinical syphilis. 
The possibility that these impurities may 
have antispirochetal properties is sug- 
gested by the observations of Dunham 
and Rake'® who found that while partially 
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purified penicillin immobilizes T. palliduvi 
in v-iiro (Dunham, Hamre, McKee and 
Rake), crystalline penicillin G has very 
little or no effect on the motility of T. 
•pallidum when the latter is exposed to 
8800 u./ml. for 2 hours in vitro. Under 
the same conditions, a solution containing 
2200 u,/ral. of the least pure penicillin 
preparation employed in their studies, im- 
mobilizes all of the spirochetes. A sub- 
stance in partially purified penicillin that 
immobilizes spirochetes can be concen- 
trated by adsorption on alumina and re- 
covered by elution. The concentration of 
the substance in partially purified penic- 
illin that is active against spirochetes in 
vitro is only slightly, if at all, reduced by 
incubation at 37° C. in the presence of a 
weak solution of penicillinase over a period 
of 11 days, conditions under which a large 
proportion of the penicillin present is 
inactivated. 

Dunham and her associates concluded 
tl\at the immobilization of spirochetes m 
vitro by partially purified penicillin is due 
to one or more of the impurities present. 
No marked degree of immobilization of 
spirochetes is produced by solutions con- 
taining 3.5 mg./ml of penillic acid or 
30 mg./ml. of a product of the hydrolysis 
of pure penicillin G. They found in addi- 
tion that spirochetes exposed to 1100 u./ 
ml. of certain partially purified prepara- 
tions of penicillin are non-infectious for 
rabbits when injected intratesticularly, 
although many of the organisms were still 
motile at the time of injection. Spiro- 
chetes similarly exposed to SSOO u./ml. of 
crystalline penicillin G (S times as much) 
produces orchitis in rabbits. The com- 
parative findings of these authors in ex- 
perimental syphilis in rabbits will be dis- 
cussed later. 

The ActiOiV of Pexicillix ox T. Pal- 
lidum IX Yivo. As noted pre\'iously, the 
results of in vitro studies 'of the antispiro- 
chctal action of penicillin can be referred 


only in a general way to the effects of the 
class of preparations in vivo (animals and 
man). Still, the efforts of the group of 
laboratory workers noted above have 
yielded information which may lead to a 
better understanding of the therapeutic 
problem in man. 

Shortly after Mahoney, Arnold and 
Harris®'* showed that penicillin was active 
against syphilis in animal and man, other 
studies began to appear. Several of these 
(Selbieand Simon;*® Ercoli and Lafferty;*® 
Raiziss*®) dealing with a small number of 
animals (less than 10) indicated that pen- 
icillin was of little or no value in experi- 
mental rabbit syphilis. For example, 
Ercoli and Lafferty found that a single 
intravenous dose of penicillin sodium — 
33,000 to 47,000 u./kg. or 16,000 u./kg. 
if the drug were given over a period of 
72 hours in doses of approximately 4000 u./ 
kg. — was required to produce disappear- 
ance of T. pallidum in experimental rabbit 
sj'philis. Lymph node transfer in 4 rab- 
bits, however, indicated that the highest 
doses used (132,000 to 282,000 u./kg.) did 
not sterilize the rabbits. Selbie and Simon 
like'ftdse found that 45,000 u./kg. when 
given to rabbits in 3 equally divided doses 
at intervals of 3 hours, caused the dis- 
appearance of organisms within 24 hours, 
as determined by the direct examination 
of testicular lesions. Organisms, however, 
reappeared in the majority of the syphilo- 
mata in from 30 to 45 days after treat- 
ment. In view of the clinical experience 
and other later studies, these early inves- 
tigators did not take into account the 
factor of time-dosage relationships neces- 
sary for cure with syphilis. (McDermott®® 
and his colleagues found, based on avail- 
able in vitro and in vivo data, that “it 
would seem that a serum penicillin con- 
centration of 0.078 unit per cc. is probably 
well above the ‘effective level’ for the 
spirochete.)” In addition, their results 
are clear demonstration of the unreliability 


of studi^, not yet in print, have been public.ally presented in a sjmposiuni, Recent 
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of disappearance of spirochetes from le- 
sions as evidence of cure (Beerman'*). 
Even small doses of penicillin vdll readilj' 
cause surface sterilization in clinical sypli- 
ilotherapy (Binkley and Ejle;® Moore and 
co-vorkers^®). Dunham, Hamre, McKee 
and Rake in 1944^- furthermore found 
that inadequate dosage in rabbit syphilis 
resulted in the production of a more re- 
sistant strain of T. paUid^nn. Bessemans 
and Derom,®^ on the other hand, reported 
that rabbits and mice vere completely 
sterilized when given relatively large doses 
of penicillin, namely, a total dose of 

320.000 Oxford units (5000 units injected 
intramuscularly at 3 hour intervals in 
8 days) for the rabbits and 12,800 units 
for 8 days and 18,000 units in 1.5 days 
for the mice. 

In a later communication, Bessemans 
and Derom®* reported new results of pen- 
icillin therapy of rabbits and mice. They 
observed that complete sterilization as 
measured by tissue transfer occurred in 
mice with a total dose of 800,000 u./kg. 
in 8 days at the onset of the infection, and 

1.200.000 u./kg. in 11 days in the old cases. 
In the rabbit the good results were ob- 
tained when the treatment was given in 
doses totalling 100,000 u./kg. in 8 days 
or of 250,000 u./kg. in 19 days, either as 
injection in physiologic saline every 3 
hours or every 12 hours as an emulsion 
in oil (according to the procedure of 
Romansky and Rittman). Earlier (1944) 
Levaditi and Vaisman^®. stated from their 
experiences, in preliminary studies, that 
penicillin injected either locally or intra- 
venously in variable numbers of multiple 
doses but with total dosage of 7500, 

10.000 and 80,000 Oxford units, caused 
rapid disappearance of spirochetes and heal- 
ing of lesions in rabbit syphilis (Gand 
strain) in a short time. Curative action 
clinically speaking was certain. The ques- 
tion of complete sterilization by penicillin 
had not been determined. In mice with 
asymptomatic infections, 750,000 Oxford 
u./kg. body weight were needed to cause 
complete sterilization. In 1945 they 
demonstrated that penicillin given intra- 


venously in rabbits in total doses ranging 
between 500 and 40,000 u./kg. at 1 to 
3 injections daily, caused a rapid curative 
effect from the standpoint of disappear- 
ance of spirochetes and lesion healing. 
However, when given intramuscularly in 
total mass of 40,000 Oxford u./kg. in 
20 doses in 4 to 5 days, they noted that 
penicillin caused not only rapid disap- 
pearance of spirochetes and clearing of the 
lesions, but complete sterilization of the 
animal’s syphilis. Total dosage and 
rhythm of the injections seem to play an 
important role in the results obtained. 
In addition, these investigators noted 
that penicillin given intramuscularly in 
dosage of 6000 to 40,000 Oxford u./kg. 
caused rapid disappearance of spirochetes 
from rabbit syphilomas as determined by 
darkfield, but silver stains for tissue spiro- 
chetes were positive and spirochetes were 
present in great numbers in the lesions. 
Certain of them showed involution forms, 
the loss of pathogenic gronq;h preceding 
total resorption of the organisms resem- 
bling the effects of bismuth and arsenicals. 

Fleming and Wolf-* employed an aque- 
ous solution of a relatively crude sodium 
penicillin (2930 per mg.) ; 25 % penicillin X 
in early and late rabbit sj-philis (duration 
6 weeks and 6 months after infection re- 
spectively) in a schedule of intramuscular 
injections every 3 hours day and night for 
4 days (32 injections) in 5 total dosage.s 
ranging from .500 to 80,000 u./kg. Using 
Eagle’s criteria of cure and 10 rabbits for 
each of the schedules, they found that 
the CDso (dose curing .50%) in early 
sj-philis was 1100 u./kg.; the CD35 dose 
(curing about 95%) was 2000 units. In 
late sj-philis the corresponding figures 
were approximately 500 and 2000 u./kg. 
Tlicse data indicate that late rabbit syph- 
ilis is as curable as the early infection 
and perhaps with even a somewhat smaller 
dose. Moore’®’ cites experimental data 
of Arnold (unpublished) which suggest 
that in the rabbit, at any rate, cure of 
syphilis with penicillin can be accom- 
plished in a short time fl2 hours) by 
enormously incrctising the total dose, to 
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perhaps 400,000 u./kg., the equivalent of 
28,000,000 units in a 70 kg. man. Experi- 
ments of this sort have been carried out 
by Schwemlein and his associates who 
have treated 162 patients with primary 
or secondary syphilis by continuous intra- 
venous drip of from 10,000,000 to 25,000,- 
000 units of penicillin over a 24 hour 
period. Their clinical results have not as 
yet been published. 

Not only is penicillin curative in 3 days 
in rabbit syphilis ljut Arnold, Mahoney 
and Cutler^" have demonstrated that rab- 
bits with acute syphilis given adequate 
penicillin therapy were reinfected 10 days 
after treatment was completed. Untreat- 
ed rabbits with acute syphilis reinoculated 
with an homologous strain of spirochetes 
at the same time period as the treated 
animals did not develop clinical evidence 
of reinfection.* 

From this listing of variable results of 
penicillin therapy in rabbits and mice, 
mostly favorable, one turns to the illumi- 
nating and brilliant studies of Eagle and 
his co-workers. Eagle has recognized the 
variable factors which have to be studied 
in order to bring order out of the chaos 
of penicillin therapy. Because these vari- 
able factors can be controlled in animals 
(especially the rabbit) with more certainty 
than in man, the experimental animal is 
a better subject for study than man. 
hloore^®** has clearly summarized the mani- 
fold variables involved as follows: “As 
to commercial penicillin used alone, and 
injected intramuscularly in aqueous solu- 
tion, these ^'ariables are the number of 
injections, their frequency and the total 
amount of the penicillin administered. 
Equally important is a study of absorp- 
tion delaying methods (e. g., calcium pen- 
icillin in peanut oil-beeswax) with the 
adjuvant use of arsenic, bismuth or fever. 
Of still greater fundamental importance is 
a study of penicillin species and impurities 
present in eommercial penicillin, to deter- 
nnne which of the se\'cral components is 
most, or perhaps solely, active. All of 
these .studies are under way. the latter 
temporarily h;impen‘d by lack of preci.se 


chemical information and production diffi- 
culties.” In statements which follow we 
shall outline briefly the published results 
of Eagle and his co-workers and interpolate 
data from the observations of others. 

Effect of Method of Administration on the 
Efficiency of Sodium Penicillin in Experi- 
mental Syphilis. This aspect of the prob- 
lem has been thoroughly studied by Eagle, 
Magnuson and Fleischman.^®'" They used 
rabbits recently successfully injected 
intratesticularly (5 to 7 weeks) with the 
Nichols strain of T. pallidum and injected 
9 different lots of penicillin varying in 
purity from 130 to 1025 Oxford u./rag. 
in accordance with 13 different schedules 
on which the interval between injections 
varied from 15 minutes to 4 days, the total 
number of injections from 4 to 50, and 
the duration of treatment from 3 hours to 
16 days. In each of the schedules, 3 to 
9 rabbits were treated at each of 3 to 
7 dosage levels, which usually varied in 
2-fold steps. Since no clear-cut differences 
were noted in the lots of drugs studied, 
the various brands of penicillin were not 
compared. Cure was determined by im- 
mediate observations on the disappear- 
ance of spirochetes and by lymph node 
transfers at proper intervals. The results 
of these experiments indicated that the 
curative dose of sodium penicillin in rab- 
bits was affected to a striking degree by 
the number of injections. The greater 
tliat number, the less was the total quan- 
tity of penicillin required for cure. On 
the other hand, they noted that, provided 
onlj" that the interval beriveen injections 
was sufficiently great to avoid cumulative 
effects on the blood penicillin level (in 
wliich case therapeutic efficiency was para- 
doxically diminished), it made no differ- 
ence whether penicillin was administered 
every 4 hours, twice daily or daily; an 
equal number of injections at a given 
dosage level produced equivalent effects. 
The relationship of blood levels and the 
therapeutic results of penicillin are under 
study; although the therapeutic action of 
penicillin clearly involves both the tissue 
concentrations and the time over which 
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they act, the latter time factor is by far 
the more important. Low concentrations 
acting over a long period of time (i. e., 
many small injections) were more effective 
than high concentrations acting over a 
short period (namely, a few large injec- 
tions to the same total dose). Within the 
time limits of their experiments, the inter- 
val between injections was immaterial, 
pro^^ded they were not given too often; 
for an equal number of injections, treat- 
ments once daily were as effective as in- 
jections every 4 hours, with a suggestion 
of an optimum interval of 8 to 12 hours. 

On the basis of the present experimental 
data, Eagle and his colleagues believe 
that it may be anticipated that the results 
in the treatment of human early syphilis 
with sodium penicillin could be signifi- 
cantly improved by (a) prolonging the 
duration of treatment, (b) increasing the 
frequency and number of injections, and 
(c) increasing the total dosage of penicillin. 
The use of a suspension of calcium penic- 
illin in oil and beeswax, or the administra- 
tion of penicillin in a continuous intra- 
venous, intramuscular or subcutaneous 
drip, or any other procedure which delays 
the absorption and excretion of penicillin 
would have the same effect as increasing 
the frequencj’ and number of injections. 

They feel that there is reason to believe 
that the treatment of syphilis with sodium 
penicillin need not be carried out in hospi- 
talized patients, but that it may be given 
on an ambulatory basis once or twice 
daily without necessarily sacrificing thera- 
peutic efficacy, proxddcd only that the 
patient receives the requisite total number 
of injections. The use of calcium penicillin 
in oil and beeswax, or of similar devices 
to delay the absorption and excretion of 
penicillin, may permit treatment to be 
given as infrequently as twice weekly, 
and perhaps even irregularly within that 
time interval. 

The total curative dose (CDjo) of pen- 
icillin on the best schedule here tested with 
oOO u./’kg. or approximately 0.3 mg./kg. 
of penicillin G. iSIilligram for milligram, 
penicillin is therefore 10 to 20 times as 


effective as mapharsen in the treatment 
of rabbit sj’philis. In the human infection, 
however, penicillin is apparently only 2 
to 4 times as active as mapharsen, milli- 
gram for milligram. 

With either penicillin or mapharsen, 
rabbit syphilis is easier to cure than the 
human disease, requiring less than one- 
fourth to one-eighth as much mapharsen, 
and less than one-twentieth to one-fortieth 
as much penicillin. 

In experiments designed to test the 
effect on therapeutic efficacy in e.xperi- 
mental syphilis of delajdng absorption of 
penicillin as postulated above by Eagle, 
Magnuson and Fleischman,*®'' this same 
group‘d found that their deductions re- 
garding the influence of delaying absorp- 
tion and thus prolonging blood levels on 
curative action was correct. Using rab- 
bits treated 5 to 7 weeks after testicular 
inoculation with 9 different lots of pen- 
icillin (4 were commercially prepared sus- 
pensions of the calcium salt in peanut-oil 
and beeswax) it was found that the cura- 
tive dose (CBso) of the oil-beeswax mix- 
ture, given daily for 4 days, fell from 
39,000 to 8000 to 3500 u./kg. as the per- 
centage of beeswax increased from 0 to 

3 to 6% (by volume). The corresponding 
CD 90 values were 80,000, 16,000 and 
8000 u./kg. ^^^len calcium penicillin in 

011 and beeswax (4.8 to 5.3% by weight) 
was administered (a) as a single injection, 
(5) twice at S hour intervals, (c) daily for 

4 days, (d) twice daily for 8 days, and (r) 
twice weekly for 8 weeks, the CDoo dose 
was, respectively, (n) 50,000, (5) 51,000, 
(c) 3500, (ff) 800 and (c) 1500 u./kg. The 
corresponding CDco doses were as follows : 
(a) 100,000, (6) 90,000, (c) 8000, (4)1800 
and (c) 2000 u./kg. In contrast the CDm 
of penicillin in aqueous solution given (a) 
as a single massive injection, (c) daily for 
4 days, and (4) twice daily for 8 days was 
(a) greater than 600,000, (c) 50,000, and 
(4) 1770 u./kg. respectively (that is, 2 to 

12 times the curative dose of the oil- 
beeswax preparation similarly adminis- 
tered). The curative dose of penicillin, 
aqueous solution or oily suspension, varied 
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with the number of injections into which 
the treatment was divided. They found 
that if one compares the efficacy of the 
2 preparations on the basis of number of 
injections rather than the dosage: (o) to 
cure sj'^philis in 1 day with a total of 
50,000 units required 1 injection of the 
oil-beeswax preparation, and 12 injections 
of the aqueous solution; (6) to cure syph- 
ilis in 4 days with a total of 3500 u./kg. 
required 4 injections of the oil-beeswax 
preparation and 16 of the aqueous solu- 
tion; (c) to cure syphilis in 8 days with 
800 u./kg. required 16 injections of the 
oily preparation and 32 of the aqueous 
solution. Thus the total dose of aqueous 
solution had to be divided into 2 to 
14 times as many injections as the cil- 
beeswax suspension in order to be equally 
effective. This superiority of the oil- 
beeswax suspension was especially striking 
in schedules involving relatively large 
injections. The smaller the individual 
dose of penicillin, the less pronounced 
was the margin of superiority. Kolraer 
and Rule®® also studied the therapeutic 
activity of penicillin in single and multiple 
doses in isotonic solution of sodium chlo- 
ride and peanut oil-beeswax by intramus- 
cular injection. They found that in the 
treatment of acute syphilitic orchitis of 
rabbits the minimal single curative dose 
of commercial and purified amorphous 
sodium salts of penicillin in isotonic solu- 
tion of sodium chloride by intramuscular 
injection was more than 160,000 u./kg. 
of weight. For penicillin suspended in 
peanut oil-beeswax, the corresponding 
dose was 10,000 units. When given once 
a day for 8 days in succession, the mini- 
mum curative dose of the salt solution of 
penicillin was approximately 5000 u./kg. 
per dose, totalling 40,000 units. Wlien 
given intramuscularly twice daily for 
S days in succession, it was approximately 
1000 u./kg. per dose, totalling 16,000 units. 
Ihc corresponding doses for penicillin sus- 
pended in sterile peanut oil and beeswax 
by intramuscular injection approximately 
1000 u./kg. per dose, totalling 8000 units 
and less than 1000 u./kg. per dose or less 


than a total of 16,000 units. In confirma- 
tion of the results of others, they noted 
that penicillin suspended in peanut oil- 
beeswax by intramuscular injection, there- 
fore, was found to be therapeutically more 
effective in the treatment of acute syphil- 
itic orchitis of rabbits than that adminis- 
tered dissolved in isotonic solution of 
sodium chloride by intramuscular injec- 
tion. The commercial penicillin em- 
ployed in these experiments contained ap- 
proximately 88% penicillin G and the 
purified approximately 92 % G. Both 
commercial and purified lots gave essen- 
tially similar results. The above results 
are, in addition, a large scale elaboration 
of the concept described in a preliminary 
way with few rabbits by Raiziss in 1944^^ 
“that penicillin in oil suspension is thera- 
peutically somewhat more active in experi- 
mental rabbit syphilis than penicillin in 
aqueous solution. The superiority of the 
oil suspension, however, lies chiefly in the 
fact that the administration of the drug 
can be reduced to one treatment a day.” 

The Effect of the Various Penicillins and 
Impziritics in Experimental Babbit Syphilis. 
Not only does dosage, method of adminis- 
tration, etc., play a role in the effect of 
the drug on Spir. pallida, but, as was 
indicated in the in vitro studies, the type 
of penicillin and impurities also are fac- 
tors conditioning the in vivo action on 
this organism. Continuing their study of 
the relative activity of partially purified 
penicillin and of crystalline penicillin G 
on T. pallidum, Dunham and Rake'® 
showed in experimental rabbit syphilis 
that partially purified penicillin, 330 u./kg. 
— protected [not cured) a large proportion 
of rabbits from local and generalized in- 
fection when 66,000 u./kg. of body weight 
were administered intramuscularly in the 
leg 5 hours after a suspension of spiro- 
chetes had been rubbed into an incision 
on the back; the same dose of crystalline 
penicillin G in another experiment failed 
to protect. That penicillin G, however, 
has spirocheticidal action in vivo is evi- 
denced by the fact that 166,000 u.fkg. of 
tins preparation prevented the develop- 
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merit of local sj'^pliilitic lesions on a large 
proportion of the rabbits. On the other 
hand, an alumina adsorbate of partially 
purified penicillin showed a greater activ- 
ity in vivo than did crystalline penicillin G. 
Thus, again, it is suggested that some im- 
purities in the crude penicillin product 
have antitreponemal power. As stated 
above, Eagle and Musselman^”' found a 
varying therapeutic activity against a cul- 
tured strain of Spir. pallida (Reiter) in 
crystalline samples of penicillin F, G, K 
and X. Subsequently they studied this 
problem in experimental rabbit syphilis. 
Their observations indicated differences in 
the relative actirnty of the several penic- 
illins in vivo far exceeding those observed 
in vitro. The curative dose (CDjo) of com- 
mercial penicillins, which probably con- 
sisted largely of penicillin G, had been 
found by Eagle, hlagnuson and Fleisch- 
man (cited by Eagle and Musselman*"‘) 
to be 1650 u./kg. when given every 4 hours 
for 20 injections. However, with penic- 
illin K similarly administered, preliminary 
data indicated that even 16,000 u./kg. 
were not- curative. In an attempt to 
assess the cause of this discrepancy Eagle 
and Musselman'"'' also noted that in the 
treatment of experimental syphilis, pen- 
icillin K has been far less efficient than 
other penicillin compounds. This low 
therapeutic actii'itir of penicillin K has 
been found by them to be due to the fact 
that penicillin K disappears from the 
blood more rapidly than do the other 
penicillins. One hour after the injection 
into rabbits or man of penicillin G, F, X 
and K, i)lood levels of K were one-fourth 
to one-eleventh of those observed with 
the other penicillins, and K persisted at 
demonstrable levels for relatively shorter 
periods. The rccover\- of penicillin K in 
the urine ar-craged 30 to S5%, compared 
with an a\'crage recovery from G, P and 
X of 749c iR rabbit.s and 91 9c in man. 

These data suggest that penicillin K is 
inactivated in the Iiody to a greater extent 
and more rapidly than penicillins G, F 
and X and indicate that the amount of 


K in commercial penicillin should be kept 
minimal.* 

It is of interest to note that clinically, 
penicillin G is the preparation which seems 
to have the greatest effect on T. pallidum 
as demonstrated by accelerated disappear- 
ance of surface organisms from darkfield 
positive lesions. For example, Olansky 
and Putnam^ found that penicillin G ap- 
peared equall^’^ effective as compared with 
several commercial penicillin preparations 
and penicillin X appears less effective 
than penicillin G in causing the disappear- 
ance of spirochetes from darkfield positive 
lesions. In a more e.xtensive study. 
Tucker and Robinson^ noted that pen- 
icillin G, given to 35 patients noth early 
sjqihilis in amounts ranging from 0.038 to 
87 mg./kg., yielded an inverse relationship 
betn^een dosage of this penicillin t^q^e and 
the time required for disappearance of 
treponemes. While, as has frequently 
been demonstrated, disappearance of sur- 
face organisms from syphilitic lesions is 
a false criterion of curative action, this 
property of a preparation in competent 
hands is a useful rapid indicator of possible 
differences in various preparations. 

Relation of the She of the Inoculum and 
the Age of (he Infection to the Curative Dose 
of Penicillin in Experimental Syphilis. 
Eagle, Magnuson and Fleischman’^' have 
reported an extensive investigation in this 
problem which is important from the 
standpoint of chemical prophylaxis of 
sj'philis. As previously stated, Eagle and 
Alussclman*^^ showed that when penic- 
illin is added to a suspension of the Reiter 
strain of Spir. pallida the number of viable 
organisms falls off at a rate which is 
largely independent of the number of 
organisms, and which varies with the 
concentration of penicillin in the range 
of 0.01 to 1 u./cc. If the initial number 
of organisms is increased, a larger propor- 
tion must be killed in order to prevent 
growth in subculture. Thus penicillin 
must be allowed to act for a longer period 
of time, or, tlie time factor remaining 
constant, the concentration of penicillin 
must be increased within the range which 


* Soc ai,o. Turner, Cumborl.sn'I, and Li, Am. J. Syph., Conor, and Vcn. Dk., 31, -fTG, 1917. 
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affects the rate of its spirocheticidal ac- 
tion. These in vitro relationships were 
believed to apply to in vivo situations. 
Eagle and his co-workers showed in the 
present study that precisely these rela- 
tionships have been found to obtain in 
experimental syphilis. If rabbits are 
inoculated with varying numbers of or- 
ganisms, there is a cori’esponding variation 
in the amount of penicillin necessary to 
abort the infection, when administered 
4 days after inoculation. Converselj'^ if 
the size of the inoculum is fixed and if the 
animals are treated at varying intervals 
after their inoculation, there is a progres- 
sive increase in the amount of penicillin 
necessary to abort the infection, because 
of the interim multiplication of spirochetes 
in vivo. If there is a small inoculum and 
treatment during the incubation period, 
extraordinarily small doses of penicillin 
are sufficient to abort experimental infec- 
tion of rabbits with syphilis. There is also 
suggestive evidence that these observa- 
tions may be applicable to the problem of 
aborting human infections with syphilis. 

Combining Chemotherapy ITith Penic- 
illin, Arsenicals and Bismuth Compounds. 
In the pre-penicillin era, while use of one 
antisyphilitic agent alone was effective 
against syphilis, combined chemotherapy 
(arsenical and heavy metal) consistently 
seemed to give an ultimate advantage to 
the patient. Although penicillin alone in 
adequate dosages seems effecti^'e in early 
syphilis, the failure rates are approaching, 
if not exceeding those obtained prior to 
the advent of penicillin, albeit Avith les- 
sened toxicity. In view of the demon- 
strated efficacy of combined therapy 
(arsenical and hea^y metal) the penicillin 
investigating triumvirate of Eagle, Jlag- 
nuson and Fleischman'® set out to see 
whether there was a synergistic action of 
penicillin and maphursen (oxophenarsine 
hydrochloride) in the treatment of experi- 
mental syphilis such as had been previ- 
ously demonstrated by Eagle’^ for metal 
chemotherapy. In tliis earlier study it 
was shown that moderate doses of bisamth 
find mapharsen used in conjunction are 


far more effective than even large doses 
of an arseno.vide used alone. In the 
present study Eagle and his colleagues 
identified a qualitatively similar and 
quantitatively even more pronounced ad- 
ditive effect when penicillin was supple- 
mented by mapharsen. In the therapy of 
experimental rabbit syphilis small frac- 
tions of the curative doses of penicillin and 
of mapharsen were curative when used in 
conjunction. The tAvo drugs together Avere 
so much more effective than either alone 
as to suggest more than a single additiA’^e 
effect was involA^ed. Regardless of the 
implications of the alreadj’’ clearly demon- 
strated fact that, clinically, arsenical and 
penicillin used concurrently are an effec- 
tive combination, the increased incidence 
of severe reactions is a limiting considera- 
tion of no small moment (Stokes, Beerman 
and Ingraham®-), 

The effectiveness of combining bismuth 
Avith penicillin in the treatment of syphilis 
lias had little attention in the literature to 
this time. Kohmer and Rule,^®® under the 
conditions of their study, shoAved that 
not only oxophenarsine hydrochloride by 
intravenous and intramuscular injection 
but bismuth and potassium tartrate in 
oil by intramuscular injection has decided 
synergistic or additive therapeutic effects 
in the treatment of acute sj^ihilitic orchitis 
of rabbits with penicillin. 

Fever. In their study on the effect of 
hyperpyrexia on the therapeutic efficacy 
of penicillin in e.xperimental rabbit syph- 
ilis, Eagle, Magnuson and Fleischman’®® 
set out to determine in vivo AAffiether fcA^er 
has a similar faA'orable effect in the thera- 
peutic efficacy of penicillin which Eagle 
and Blusselman^'® had shoAA-n Avas the case 
in vivo and others had shoAAm Avith the 
arsenicals.®®® In general this study con- 
firms in vivo the preA-ioush' cited i» vitro 
results that the rate at Avhich the Reiter 
strain of cultured Spir. pallida are killed 
by penicillin, increases Avith temperature 
throughout the range of S° to 40° C. (see 
aboA-e). When penicillin Avas injected 
intramuscularly in syphilitic rabbits every 
2 hours for 16 injections, it required 
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30.000 and 60,000 u./kg. to cure 50 % and this represents clinical treatment resis- 
90% of the animals respectively. When tance, the dosage (and quality of the drug 
the body temperature, during the ad- used) may have been inadequate to con- 
ministration of penicillin, was raised by trol the progression rather than the 
approximately 3° to 4° F. over an average development of an actual penicillin resis- 
10 hour period, the total curative dose fell tant strain of Spir. pallida induced by 
to 8000 (CDso) and 3000 (CDgo) u./kg. inadequate dosage or other factors pre- 
The S- to 10-fold increase in the thera- sumed to induce this phenomenon, 
peutic efficacy of penicillin indicated by In passing, but not entirelj^ germane 
those figures is a mim'mum, since in the to the present topic, penicillin has been 
fever experiment, 75% of the total shown clinically to be effective in patients 
amount of the penicillin administered was with manifestations of s^^'philis resistant 
concentrated in the 6 injections given to arsenical and heavy metal therapy 
over the 10 hour fever session. This (Noojin and co-workers,'*= and Nelson and 
asymmetric distribution would tend to co-workers^'). 

dimmish the overall efficacy of pen- The first experimental evidence that 
icillin as such. The favorable effect of spirochetes might develop penicillin-re- 
fever on the therapeutic activity of pen- sistance was the study of Dunham, Harare, 
icillin tends to reflect the enhanced spiro- McKee and Rake'- who showed that inade- 
cheticidal effect of penicillin at higher quate therapy of syphilis in the rabbit 
levels of temperature. In addition, fever resulted in the produetion of a more re- 
may have a spirocheticidal action if its sistant strain of T. pallidum- This study 
own, additive or synergistic.* emphasizes the importance of adequate 

Penicillin Resistance. Using the crite- initial therapy and raises the question of 
rion of treatment resistance which we have the effect of inadequate penicillin treat- 
employed, ■* (failure of lesions to heal and ment for syphilis given to patients with 
persistence of organisms in lesions in spite gonorrhea who might also be in the incu- 
of treatment), and not mere irreversibility bation period of syphilis, on T. pallidxim. 
of positive serologic reactions, it is evi- Bessemans and Derom,®"^ in their second 
dent that practically no clinical penicillin note, reported studies on the influence of 
resistance has been observed. The only subtherapeutic doses of penicillin admin- 
reported cases (there are certainly others, istered during the incubation period of 
unreported) were by ^loore’®^ and Tyson.*' experimental rabbit syphilis. They ob- 
IMoore’s patienff had a cutaneous gumma served that the incubation of syphilis in 
which failed to respond to 4,800,000 units . these subtherapeutic doses of penicillin 
of penicillin but did heal promptly after did not abort the infection or render it 
several weeks of arsenical and bismuth asymptomatic (Eagle ct al.^), Imt retarded 
therapy. Tyson’s patient with early syph- the appearance of clinical manifestations, 
ilis received 2,400,000 units of penicillin This again is no evidence in the direction 
over a period of 5 days. The chancre did of demonstrating a penicillin resistance, 
not heal, although the serologic reactions but perhaps is merely an e.xprcssion of tlic 
had become negative after several weeks, spirochetistntic action of inadequate pen- 
The reactions subsequently became posi- icillin dosage. Tung and l^razicr^ did not 
tive and secondary lesions appeared, note the development of incrciised rcsis- 
Combination of fever with an additional tance or tolerance to penicillin in cultures 

600.000 units of penicillin gave an excel- of the Reiter strain of T. pallidum after 
lent response. In view of the uncertain- being subjected to 15 passagc.s through 
tics of the correct timc-<losage relation- media containing the preparation. Kol- 
ship of penicillin, it is likely that while mer and Ruler** have produced e.vperi- 

• Craifr. Schwemlcln and Kendall: J. L.nb. and Clin. Med.. 30, 1010. 1015. 

t Reported by Hahn: Am. J. Syph. Conor, and Ven. Dls., 31, 542, 1047. 
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mental evidence against the existence of 
acquired penicillin resistance. They found 
that a minimal curative dose for acute 
testicular syphilis of rabbits (Nichols- 
Hough strain) of commercial penicillin in 
aqueous solution by intramuscular injec- 
tion 3 times a day for 10 successive doses 
was apparently slightly more than 1000 
u./kg. (10,000 units total) and probably a 
little less than 5000 units per dose (total 
dose: 50,000 units). This strain did not 
show any evidence of acquired resistance 
or tolerance to penicillin after 3 consecu- 
tive passages through the testicles of rab- 
bits when they were treated with subcura- 
tive amounts of the compound. While 
the last word has not been said on the 
problem of penicillin resistant iSpfr. pal- 
lida, the lack of evidence from the clinical 
standpoint of real treatment resistance 
among so many patients with early syph- 
ilis undoubtedly treated unwittingly with 
an inadequate dosage, speaks eloquently 
against the possibility of such a phenome- 
non. The situation is well summarized 
by Tain ter who stated that “there is 
as yet no absolute evidence that the de- 
velopment of penicillin resistant strains 
has occurred in clinical practice in any 
disease.” 

The Mode of Action of Penicillin 
Against T. Pallidum. Practically noth- 
ing of a definitive nature is knorni about 
the actual site of action or mechanism of 
action of penicillin on T. pallidum. The 
vast amount of experimental data already 
accumulated has seemed largely to (Refine 
as precisely as possible the condition 
under which this new method of treat- 
ment works to the best advantage of 
eliminating infection with syphilis. In 
this connection Eagle, Magnuson and 
Fieischraan’®' have summarized our pres- 
ent knowledge so concisely that it is 
quoted vcrhativi. 

"Mode of Action of Penicillin. The 
mode of action of penicillin differs from 
that of the arsenicals in several funda- 
mental respects. When a trivalent arseni- 
cal such as mapharsen is injected, it is 
bound by the organisms in competition 


with the tissues. The combination is 
largelj'' completed within a short time, 
and the spirochetes subsequently die or 
survive in relation to the amount so bound 
and their varying individual susceptibil- 
ity. A single exposure to a temporarily 
high concentration of the arsenical ap- 
parently kills as many organisms as re- 
peated exposures to small concentrations. 
It has been shown in both animals and 
man that the curative dose of mapharsen 
in syphilis is essentially the same whether 
the drug is administered in a single mas- 
sive injection, in 10 to 20 large injections 
administered over a period of days, or in 
many small injections administered over 
a period of months. With penicillin, on 
the other hand, therapeutic efficacy was 
enormously enhanced merely by subdivid- 
ing treatment into a large number of 
injections. The essential difference seems 
to be the fact that penicillin is not demon- 
strably bound and concentrated by the 
organisms, so that its action depends on 
the length of time for which effectively 
spirocheticidal levels are maintained in 
the body fluids. It is this introduction 
of the time factor, the necessity for main- 
taining an effective level, which primarily 
distinguishes the kinetics of Ihe spirocheti- 
cidal action of penicillin from that of, e. g., 
mapharsen. 

“The therapeutic efficacy of penicillin, 
therefore, rests primarily on 2 factors: its 
concentration in the body fluids, and the 
period of time for which the organisms 
are exposed. Both factors contribute to 
therapeutic efficacy, but it is the clear 
implication of the experimental data here 
reported that of these 2 variables, the 
time factor is by far the more important.” 

A good summary of much of our present 
knowledge of the action of penicillin, espe- 
cially on T. pallidxini, has been prepared 
by Frazier and Frieden.- Since this com- 
pilation little has been added except to 
clarify certain minor points. Although 
the precise manner in which penicillin acts 
to destroy microorganisms is unknown, 
it is generally assumed that it interferes 
with the normal completion of some meta- 
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bolic transformation, thus inhibiting the 
development of the cell and leading to its 
eventual death, '\^dlile it has been shown 
that penicillin undoubtedly has a direct 
spirocheticidal action in vitro, the reason- 
ing with regard to the mechanism of this 
action follows somewhat along the lines 
proposed to explain that of the arsenicals. 
Because of this similarity, a brief state- 
ment of the mechanism of the antispiro- 
chetal action of the arsenical compounds 
is in order. It was thought for a long 
time that the arsphenamines did not 
have a direct action on spirochetes but 
became effective only when changed in 
the body to some active (amd form). 
This was postulated to be an arsenoxide. 
Eagle,’^’' however, initiated a critical 
series of in vitro studies which demon- 
strated that not only do the arsenicals 
have a direct antispirochetal action in 
concentrations effective only in vitro, but 
that tissue extractions (testicular) inhibit- 
ed rather than enhanced this acti-vuty. 
Eagle then tested the hypothesis of 
Voegtlin, Dyer and Leonard^^ that arsenic 
may combine ■with the sulphydryl groups 
in the organism in the process of its 
destruction, and he found that various 
sulphydryl compounds almost completely 
abolished the spirocheticidal action of 
arsenicals and the heavy metals (mercury 
and bismuth). He believed that the rapid 
inactivation of the arsenical preparations 
by sulphydryl compounds indicated that 
the drugs owe their therapeutic acti^'ity 
to similar combinations with sulplu'dryl 
groups in the spirochetes. Penicillin too 
can be inactivated by various sulphydrjd 
compounds. This has led Cavallito and 
Bailey® to believe that the main mode of 
action of many antibiotic substances rests 
in tlieir facility to interfere with normal 
function of sulphydrjd groups in bacterial 
metabolism. Chow and McKee'® con- 
cluded that inactivation of penicillin by 
cysteine (a sulphydryl compound) may 
involve botli the sulphydrj-1 and the amino 
groups of the cysteine molecule. Leonard-® 
suggested that “until it can be proven 
that penicillin binds to the SH groups of 


reduced bacterial protein in proportion to 
the number of SH groups in such protein 
. . . the actual point of attack of pen- 

icillin on microorganisms cannot definitely 
be concluded to be upon thiols of the or- 
ganism.” Cavallito,® on the other hand, 
disagrees udth Leonard that penicillin 
needs to bind protein-SH in direct propor- 
tion to the number of SH groups in pro- 
tein. Frazier and Frieden“ summarize 
this problem as follows : “ The similarity 
of the effects of sulphydryl compounds on 
penicillin and the arsenicals may be indic- 
ative of a possible similaritj' in the modes 
of action of the 2 t 3 "pes of antispirochetal 
agents. It is important to note, however, 
that significant differences exist ■with re- 
spect to such effects. IMiile the inactiva- 
tion of penicillin bj- c^'steine proceeds 
slowlj', the addition of this substance to 
suspensions of T. ’pallidiim exposed to the 
action, for example, of arsphenamine, 
results in the immediate inhibition of the 
antispirochetal action. The fact that the 
arsenicals can be regarded as general pro- 
toplasmic poisons, while penicillin is not, 
maj' also be an indication of the essentially 
dissimilar nature of their respective modes 
of action.” 

The effects of penicillin on the morphol- 
ogj- of various organisms have been re- 
ported repeatedh' since the introduction of 
this tjT^e of chemotherapj'.®’"''®'®®-®®’®®’*® 
Visible changes on the bacterial cell, in- 
hibition of cell division, elongation and 
hj-pertroph.v of the cell as well as changes 
in thp actual shape of the bacterial cell 
have been observed bj’ direct microscopic 
observation or bj' the stud.v of electron 
microscopic pictures. 

Since T. pallidum is a motile organism, 
direct darkfield and electron microscopic 
obseix-ation of the effects of penicillin on 
its morpholog.v and motilitx- promised to 
j-ield information oi value in determining 
the sort and mode of antispirochetal activ- 
ity-. Vhile a number of interesting ob- 
ser\-ations have been made by Eagle, 
Dunham and Rake, and Frazier and his 
colleagues, their significance is not clear. 
E.ariy in their work Eagle and his asso- 
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dates, as previously noted, observed that 
Spir. pallida under the influence of doses 
of penicillin adequate to render the 
organisms non-viable remained actively 
motile for a period of 8 to 24 hours. 
Dunham and Rake observed in their in 
ntro studies that in cases where immo- 
bilization was incomplete, there was only 
sluggish motion. The last form of motion 
to be lost was bending of the bodj' of 
the spirochete near the midpoint. They 
believed that it may well be that axial 
rotation is caused by the flagella revealed 
by the electron microscope, and that these 
are more sensitive to the action of impure 
penicillin than are the bodies of the organ- 
isms. The decrease in motility on exposure 
to partially purified penicillin suggested 
the possibility that these spirochetes might 
no longer be infectious. Even in the case 
where 90 % of the spirochetes in the mix- 
ture used as inocula were immotile, there 
should have been more organisms than 
were necessary to cause infection if thej'^ 
had not been altered by exposure to the 
drug. As previouslj’- stated, spirochetes 
exposed to 1100 u./ml. of the partially 
purified preparation of penicillin are non- 
infectious for rabbits when injected intra- 
testicularly, although many of them are 
still motile at the time of injection. 
Frazier and Frieden report that changes 
in the length of spirochetes were first 
observed in their laboratory by H. G. 
Sleeper, The relative distribution of long 
and short forms of the spirochete in 
material from early lesions observed in 
the darkfield, varied in such a way as to 
suggest that the changes observed were 
related to the effect of penicillin. Within 
90 minutes after the first injection of 
20,000 units of this drug, there was a 
relative increase in the number of the 
long forms of the spirochete. This in- 
crease was progressive until no more 
organisms could be found in the darkfield. 
This relative increase in long forms even 
occurred in a case when no such forms 
were seen before treatment. Frazier and 
Frieden- wonder whether this phenome- 
non of elongation of spirochetes may not 


be an indication of excessive growth and 
delayed cell division. Tung and Frazier^ 
also made observations on penicillin sen- 
sitivity and morphology of the Reiter 
strain, of T. pallidum after cultivation in 
media containing penicillin. Electron 
micrographs of spirochetes grown in nor- 
mal and penicillin-containing media were 
made with an RCA model electron micro- 
scope. They found that "^Vhile some of 
the spirochetes growing for the first time 
in media containing a sublethal concen- 
tration of penicillin became somewhat 
elongated, a tremendous increase in the 
length of individual organisms was ob- 
served in subcultures exposed to the same 
amount of penicillin, namely, from 0.05 to 
0.1 u./ml. Under normal circumstances, 
the average length of the Reiter strain of 
spirochete is about 20 /u. Occasionally’^, 
organisms of 40 p were seen in cultures 
exposed for the second time to penicillin, 
long forms of from 100 to 150 p could 
easily be found in each oil immersion field. 
Most of the organisms were of the order 
of from 40 to 60 p in length, but occasion- 
ally giant forms which had gro^vn beyond 
the limits of the microscopic field were 
seen. . . . No statistical measurement 
was carried out, since no attempt was 
made to break up the large masses of 
tangled and matted forms composing the 
culture. The long forms had no appre- 
ciable increase in nddth. They appeared 
to be single organisms with stretched-out 
spirals and sluggish motility.” The elec- 
tron micrographs confirmed the impres- 
sion that the long forms were single organ- 
isms. It is of interest to note that while 
the short spirochetes gromi in normal 
media possessed flagella, none of the long 
forms were flagellated. Only an occa- 
sional, comparatively short spirochete in 
the midst of the long ones was found to 
have flagella. 

“ The life of the long forms were short. 
The elongated organisms appeared in the 
culture after 24 hours of incubation and 
gradually disappeared after 72 hours. A 
few moderately long spirochetes, measur- 
ing around 60 p, were observed when the 
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organisms were transferred back to nor- 
mal media after several passages through 
media containing penicillin. 

“ Although a few long forms were seen ' 
in cultures exposed for the first time to a 
sublethal concentration of penicillin, man^- 
more long forms began to appear after 
from 42 to 72 hours of incubation in cul- 
tures exposed to, an inhibitory amount 
of the antibiotic agent (0.125 u./ml.). 
Most of the inoculated organisms survived 
a concentration of 0.125 u./ml. of penic- 
illin and became elongated as the pen- 
icillin was vanishing from the culture 


medium. These long forms could be seen 
in the culture for about 4 days. 

“In view of the possibility that com- 
mercial penicillin and crystalline penicillin 
might act differently on the spirochetes, 
as was shown with a pathogenic strain of 
T. pallidum, the experiment was repeated 
with penicillin sodium G having a potency 
of 1650 u./mg. It was found that both 
the pure and partially purified penicillin 
possessed the same potency of action and 
produced the same effect on cellular 
growth.” 
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Often ignored because of the wide- 
spread belief that nothing much can be 
done about the common cold (“there is 
only one way to treat it— with contempt” 
is a practice as current today as it w’as 
in ancient Rome), the most democratic of 
ailments afflicts the average American 
from 1 to 4 times a year and represents 
an annual collective economic loss of 
81,000,000,000. YTiile the common cold 
rarely is a direct cause of death, it pre- 
cedes or incites such serious infections as 
bacterial pneumonias, subacute bacterial 
endocarditis, septicemia and meningitis, 
and frequently precipitates the symptoms 
of coronary occlusion, peptic ulcer and 
other diverse diseases.® 

Although it has never furnished tiie 
theme for a Hollywood motion picture or 
a year’s run in the Broadway theatre, 
the common cold masks a human interest 
document that is neither prosaic nor lack- 
ing in drama. Infections of the respiratory 
tract, for e.xample, cause more loss of 
time from industry and from schools than 
ail other diseases combined.* Indeed, in- 
dustry has lost 20 times as much time by 
the common cold as by accificnts." As 
lias been said of the weather, so has been 
said of the common cold: “Everyhody 
talks about colds hut nobody does any- 
thing about them.” Tlie facts of the 
matter are: more has been done aliout 
tlie weather than about colds. 

There arc 2 purpo.ccs to this review: (!) 
to discuss iiricfly common cold knowledge; 
and (2) to propose a plan for mobilizing 
apain.<t the patient’s plight. There arc 


things the medical and allied professions 
can do beside despair. 

Common Cold Background. It is 
generally held that the common cold is 
caused by a filtrahle virus which is respon- 
sible for most colds occurring in epidemic 
form. Small outbreaks of colds, however, 
are sometimes caused by microorganisms 
capable of ini-ading the healthy mucous 
membrane in the absence of a concurrent 
xdms infection. In tin’s country there are 
3 main peaks of incidence each year: one 
occurs in October and November, a second 
early in January, and the third in Marcli 
and .April. The degree of susceptibility and 
resistance varies from one indi\ddual to 
another and from year to year. A certain 
degree of immunity develops as a result 
of a cold but it is of short duration, not 
more than several weeks or months after 
an attack. 

Local resistance appears to be largely 
dependent on an intact raucous mem- 
brane, upon mucociliary activity, and pre- 
sumably upon lysozyme.®" Ijocal resis- 
tance may he impaired by stnictural ab- 
normalities, sucli as nasal polypi, hyper- 
trophied adenoid tissue, or chronic sinusitis 
where pathogenic bacteria are harbored 
and normal drainage is impaired. Although 
the precise role remains unclear, there is 
evidence that chilling the surface of the 
body causes a rcflc.v va.soconstriction and 
a fall of temperature of the mucous mem- 
brane favoring the invit-iion of viruses.® 
Observations by Paul and Frce.'jc' sugge.st 
that sudden chilling of the bmly may bring 
on an attack in a jK-rson who bn-s bad a 
recent infection or a recent contact, but 
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only if such a condition accompanied the 
chilling. 

It is generally assumed by most students 
of the common cold problem that abnor- 
mal vasomotor disturbances in the naso- 
pharynx not only cause local injury to the 
tissue and facilitate infection by the patho- 
genic agents which are present, but that 
similar reactions may be caused by various 
irritants or by allergens in the air or food, 

; or by injection. Furthermore, the vascu- 
lar tone of the upper respiratory tract may 
be disturbed by systemic derangements 
and physiologic imbalances in the vegeta- 
tive nervous system. Hence, such factors 
as constitution, fatigue and emotional 
strain are of etiologic importance in the 
common cold. In the few studies avail- 
able, the histologic changes of the nasal 
mucous membrane in the common cold 
are almost identical with those of influ- 
enza in animals and in man. 

It is reasonable to conclude that the 
common cold is not a definite single dis- 
ease, but comprises a group of different 
affections. 

Common Cold Therapy. Although 
methods for the prevention of colds have 
been directed along various lines, it can 
be stated unequivocally that none of the 
procedures is effective. 

From time to time claims are advanced 
advocating a special diet either for the 
prevention or the cure of colds. The 
dietary measures most frequently recom- 
mended for the prevention of colds include 
a high protein diet, a diet low in carbo- 
hydrates, and large quantities of citrus 
foods, presumably to establish "alkaliniza- 
tion.” None of these theories is supported 
by carefully controlled studies. Deficiency 
states may predispose to certain infections, 
but the supplying of extra vitamins and 
other food elements to the individual who 
shows no signs of deficiency disease does 
not protect him against colds. So wide- 
spread is the belief of the American public 
that the use of sodium bicarbonate or 
other alleged antacids is a preventive in 
the treatment of the common cold that it 
may really be called a part of American 


folklore. DiehF® has demonstrated con- 
clusively that the results obtained by 
“alkalinization” are of little or no value. 

A number of procedures have been 
recommended periodically which have as 
their objective the conditioning of the 
body to sudden changes in external tem- 
perature of the skin, such as cold shower 
baths every morning and exercise out- 
doors followed by hot and cold shower 
baths. Controlled experiments have been 
carried out by Gafafer® who was unable 
to show any lower incidence of colds in 
people who followed these practices when 
compared vuth a group who did not. 

In attempting to reduce the number of 
colds in susceptible persons, vaccines con- 
taining a wide variety of microorganisms 
commonly found in the respiratory tract 
have been employed. Extensive studies 
by Diehl and others^® have demonstrated 
that cold vaccines, whether given paren- 
terally or by nasal spray, do not prevent 
colds. As for cold vaccines given orally, 
the Journal of the American Medical Asso- 
ciation has this to say editorially.-® “Re- 
cent communications to the offices of the 
American Medical Association indicate 
that the prescription and sale of cold vac- 
cines is again taking place on a large scale. 
This, in the face of the recognized lack of 
scientific evidence for the value of these 
preparations, is indication of irresponsibil- 
ity on the part of some manufacturers of 
pharmaceuticals. The scientific e\ndence 
against the value of oral cold vaccines 
is overwhelming; consequently indi\ddual 
physicians and firms who deal in pharma- 
ceuticals and who lend themselves to the 
wholesale uncontrolled distribution of such 
preparations are perpetrating an unwar- 
ranted commercial assault on the public 
pocketbook.” 

The employment of ultra-vdolet light or 
germicidal aerosols for sterilizing the air 
of rooms where crowding is prevalent is 
beb'eved by some to offer a means for 
reducing the incidence of colds. Recent 
United States Public Health Ser\dce stud- 
ies,^® however, cast serious doubt on the 
hope that colds and other respiratory ail- 
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ments can be banished by the chemical 
treatment of air with glycol aerosols and 
irradiation with ultraviolet light. 

The treatment of the common cold con- 
sists mainly in the relief of sj'mptoms as 
they arise. Treatment should never be 
standardized but should be suited to the 
needs of each patient. During the earliest 
stages of the common cold the prime ob- 
jective is to supply moisture by means of 
steam inhalations to the stricken upper 
respiratory passages. Alcohol has been 
utilized for generations to abort impend- 
ing colds or to treat them. In reasonable 
doses it causes peripheral vasodilatation 
and reestablishes circulation in chilled 
cutaneous and mucosal surfaces. Rest in 
bed, especially if fever is present, dimin- 
ishes the severity of the common cold, 
limits its spread to others, and reduces the 
frequency of complications. It has stood 
the rigid test of time as a most sane and 
effective measure.^*’ 

Little attention need be paid to fluids 
in the average uncomplicated cold. It is 
probably best to let thirst to a great extent 
determine the fluid intake. Cathartics, 
long employed as a home remedy for colds, 
have no value; their excessive use may 
lead to dehydration. Although salicylates 
and other fever-reducing medicaments 
have no effect on the infectious process, 
they do control headache and muscular 
aches. These should not be given rou- 
tinely but only if necessary. Sulfonamide 
compounds and penicillin are ineffective 
in virus-initiated colds. Their employ- 
ment in an uncomplicated case of the 
common cold may give rise to strains of 
dnig-fast pathogenic bacteria resistant to 
treatment with either. 

Even temporary relief from the discom- 
fort of nasal obstruction justifies the use 
of proper nasal medication.'* Nasal vaso- 
constrictors can satisfactorily relieve nasal 
congestion for varying periods of time 
and when judiciously employed often aid 
in projnoting adequate drainage from the 
nasal sinuses, laquid nasal medicaments 
which function on a rational, physiologic 
basis are compatible with ciliary activity. 


do not vary greatlj" in their pH (5.5 to 
6.5) from that of normal nasal secretions, 
are isotonic, and are non-injurious and 
non-toxic. The continual use of nasal 
preparations containing mineral oil some- 
times leads to the development of lipoid 
pneumonia."” 

The Need for Mobilized Research. 
Although organized science has succeeded 
in the solution of atomic energy, it has 
not solved the riddle of the common cold. 
The discovery of atomic energy w.as made 
possible because men who knew most 
about their specialties convened and 
pooled their knowledge. Whereas in the 
past fundamental discoveries have been 
made by isolated workers devoting their 
leisure time to research, present-day ex- 
perience indicates that most progress 
comes from the cooperative effort of indi- 
viduals having different training and back- 
ground. Had individual specialists worked 
on the atomic energy problem piecemeal, 
it is a question whether the nation could 
have succeeded in its solution. 

In the opinion of Fabricant,-' the com- 
mon cold age-long mystery could be 
eradicated if the same sort of mobilized 
research that went into unlocking the 
atomic age were directed at the cause 
and cure of colds. If the experience of 
the past has any meaning, it signifies 
that colds cannot be eliminated by the 
efforts of single groups of scientists work- 
ing in isolation. The common cold con- 
tains too many diverse factors for any one 
individual or group of individuals to solve, 
hluch medical investigation of the com- 
mon cold in the past has been character- 
ized by inefficiency and laisscz-fairr. Most 
research men, if the truth be stated blunt- 
ly, have been wasting precious time, effort 
and money I)y pursuing their individual- 
istic bents in isolated laboratories, clinics 
and hospit.als. A pcnisal of the vast 
medical literature on the common cold 
speaks eloquently in support of such a 
contention. 

The mere aMumuIation of facts is not 
enough. . It is important to use them to 
establish new principles or to confirm old 
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ones. Scientists are well aware that not 
all discoveries are made to order and that 
some come off quite by accident. How- 
ever, the chances of finding a means of 
curing colds are infinitely better under 
mobilized research than under the present 
system. Although lack of funds is one of 
the major factors in limiting mobilized re- 
search, a comprehensive plan by which 
the common cold may be attacked is just 
as essential as ample financial support. If 
the methods of several great industrial 
laboratories are adopted — and these have 
provided a number of fundamental dis- 
coveries — money invested in fostering uni- 
fied research will be spent efficiently ; there 
would be time for long-range study and 
money for apparatus and technical as- 
sistance. Instead of hit-or-miss iriA'^esti- 
gation like much common cold research, 
there would be long-term concentration 
on the most promising clues. 

Recent attempts to find a cure for the 
common cold have been proving difficult 
for the Common Cold Research Unit of 
the National Institute for Medical Re- 
search in England. While it has been 
claimed by spokesmen for this group that 
promising results are being obtained, a 
warning has been issued against any opti- 
mistic notion that a cure for colds could 
be discovered without much more research. 

In the United States a sanelj’’ conceived 
program to inA^estigate the common cold, 
according to Fabricant, should function 
either under Federal or priAmte sponsor- 
ship or both. Since there is ahvays the 
danger that the interests of research AA’ork- 


ers from a single specialty (epidemiologists, 
for example) maj'^ become narrow, a 
national conA^ention of A-arious interested 
inAmstigators should be called to meet 
under one roof for the purpose of creating 
a unified research program. Those in at- 
tendance should come not only from the 
medical ranks, but from the allied AAmrlds 
of chemistry, biology, pharmacology, phys- 
iologj'^, bacteriology, pathology, engineer- 
ing and architecture. Such a group could 
function democratically as a coordinated 
team Avith a unanimity that is noAv lacking. 
In conA^ention, it Avould be necessary to 
emphasize principles, to point out to each 
other past errors of approach, and finally 
to agree on promising lines of inA^estiga- 
tion for dissemination to designated re- 
search centers throughout the country. 
Out of such a conference would perhaps 
come a well-knit program of research 
AAdiich conceiAmbly could telescope decades 
of individualistic groping into years of 
cooperatiA'e endeaAmr. Funds for a mob- 
ilized research program could be obtained, 
once the need was AAudely proclaimed, from 
prRate indiAuduals, public subscriptions, 
foundations and from the Federal goA^’ern- 
ment. 

The responsibility for initiating a pro- 
gram of mobilized research on the common 
cold rests primarily with those forward- 
looking clinicians and basic medical sci- 
entists AA’ho realize the need for eradicating 
the common cold scourge. 

The time has come for accepting respon- 
sibility. 
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Diagnosis and Treatment of Mbnstrgai. 
Disorders and Sterility. By Charles 
Mazer and S. Leon Israel. 2nd ed. 
Pp. 570; 133 ills. Ncm- York: Paul B. 
Hoeber, 1946. Price, .S7.50. 

This book m'rs first published shortty 
before Pearl Harbor. That a 2nd edition 
should be needed so soon after the ivar is 
evidence that interest has remained keen in 
a field far removed from militarj’’ medicine 
and surgerjL 

No small part of this interest has been due 
to the book itself. The authors’ approach 
to the various problems of menstrual dj’s- 
fimction is the eminently practical one of 
dealing with the primarj' sj'mptoms that 
bring the patient to her physician. A con- 
cise and lucid exposition of the physiologic 
and pathologic factors underljdng each 
symptom is followed by a rational program 
of treatment. Such a book has been badly 
needed in a field where there has been so 
much misunderstanding, and so much irra- 
tional usage of hprmone therapy. 

In the new edition full account has been 
taken of contributions that have been made 
to the subject during the war. These have 
been added not as mere addenda or new 
paragraphs but by incorporation in an ex- 
tensively re-witten text. The authors have 
therefore preserved the integration of mate- 
rial, and clarity of exposition that made the 
original edition so readable. 

The book retains its pleasing format. It 
can be recommended highly to general prac- 
titioners and gj-necoloirist.s alike. 

^ _ C. B. 

Monocular Vision Trai.vi.vg. By Mil- 
dred Smith Evans, Orthoptic Technician, 
Wilmer Institute of the Johns Hopkin.s 
Hospital. Pp. 93: IS ills. Baltimore: 
Williams & Wilkins, 19-16. Price, .$3.00. 
This book is essentially a work book for 
the use of children within a certain ago 
croup. In the opinion of the Rcricwer the 
book would be most useful for children 
about 7, S or 9 years of age. It is for the 
development and improvement or vision in 
an amblyopic ejv wb.rre the amblyopi.a is 


monocular in t 5 "pe and is associated with a 
strabismus. The book has been v'ell planned, 
the type in the first part is large and bold- 
faced, that in the latter part becomes smal- 
ler. There is a series of 28 lessons so that 
exercises given in the instructions could be 
completed in appro.ximately 1 month’s time. 
The author has had long experience, and the 
book should be useful in its limited field. 

W. F. 


Henry Sewall, Physiologist and Phy- 
sician. By Gerald B. Webb and Des- 
mond Powell. Pp. 191; 16 ills. London: 
Oxford Univ. Press. Baltimore; The 
Johns Hopkins Press, 1946. Price, $2.75. 
This biographj" of a beloved American 
physician is a highly successful combination 
of sympathetic personal record and analysis 
of professional accomplishment. The authors 
have given an interesting account of Sewall’s 
youth and education, his early and im- 
portant, if too little known, studies on 
physiologj' and the fundamental aspects of 
immunolog}’, and his later days as a dis- 
tinguished authority on tuberculosis. In 
preparing the book they were in contact 
with man}' of Scwall’s friends and scientific 
acquainfance.s, and as a result the book 
abounds in interesting personal reminis- 
cences. Sewall was a scholar of first rank, 
a writer of genius, and an investigator of 
unusual perception, and always a gifted and 
delightful companion. His remarkable Hter- 
ar}' combination of colloquialism and .scien- 
tific preci.sion is illustrated by scores of pithy 
extracts from his papers. As the authors 
point out, his productivity and clarity of 
thinking were not impaired even in the final 
months of hi.s long life. All who arc interested 
in mcrlical history should read the chapter 
on Scwall’s investigations of the toxicity of 
snake venoms to obtain a proper perspective 
on the development of toxins and anti- 
to.xins. The book is to be commended par- 
ticularly for its cmphasi.s on the influence of 
Scwalls extraordinary personality in the 
stimulation of the yntmge.r ecientific invesfi- 
g.afor,s of his Ray. E. L, 
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Cineplasty. By Henry H. Kessler, M.D., 
Ph.D. Foreword by Boss T. McIntire, 
.^Vice-Admiral (MC), USN. Pp. 201; 314 
ills. Springfield, lU.: Charles C Thomas, 
1947. Price, $6.75. 

Concise Anatomy. By Linden F. Edwards, 
Ph.E., Professor of Anatomj'^, Ohio State 
Univ. Pp. 548; 324 ills. Phila.: Blakis- 
ton, 1947. Price, $5.50. 

Hislopathology of the Ear, Nose and Throat. 
By Andrew A. Eggston, B.S., M.D., 
Director of Laboratories, Manhattan Eye, 
Ear and Throat Hospital, and Dorothy 
WoDEF, A.B., M.A., Ph.D., Research In- 
vestigator, Endaural Hospital, New York. 
Pp. 1080; 505 ills.; 28 color plates. Balti- 
more: Williams & Wilkins, 1947. Price, 
$18.00. 

Cancer — Diagnosis, Treatment, and Prognosis. 
By Lauren V. Ackerman, M.D., and 
Juan A. delRegato, M.D., Pathologist 
and Radiotherapist to the Ellis Fisehel 
State Cancer Hospital. Pp. 1200 ; 749 ills., 
42 in color. St. Louis: C. V. Mosby, 1947. 
Price, $20.00. 

Osteotomy of the Long Bones. By Henry 
Milch, M.D., Fellow of the American 
Academy of Orthopedic Surgeons. Pp. 
294; 181 ills. Springfield, III: Charles C 
Thomas, 1947. Price, $6.75. 

Sigiis and Symptoms, Their Clinical Inter- 
pretation. Edited b}'" Cyril Mitchell 
MacBryde, A.B., M.D., F.A.C.P., Assis- 
tant Professor of Clinical Medicine, Wash- 
ington University School of Medicine. 
Pp. 439; 74 ills.; 6 color plates. Phila- 
delphia: J. B. Lippincott, 1947. Price, 
$ 12 . 00 . 

Forensic Medicine. B}’- Keith Simpson, 
M.D. (Lond.), Lecturer in Forensic Medi- 
cine to Gu 3 '-’s Hospital, London. Pp. 335; 
114 ills. Baltimore and London ; Williams 
& Willvins, 1947. Price, $4.50. 

Shin Manifestations of Internal Disorders 
{Dermadromes). B.y Kurt Wiener, kl.D., 
Dermatologist, Mount Sinai, Deaconess 
and Saint IMichael's Hospitals, Milwaukee, 
Wis. Pp. 690; 400 ills.; 6 color plates. 
St. Louis: C. Y. Mosbv, 1947. Price, 
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324. Chicago: Pellegrini Cudahv, 1947. 
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Characterization of Organic Compounds. By 
F. Wild, M.A., Ph.D., F.R.I.C., Fellow 
and Tutor of Downing College, Cambridge. 
Pp. 306; 11 figs. Cambridge: The Uni- 
versity Press. New York: The Macmil- 
lan Company, 1947. Price, $3.75. 

A VALUABLE monograph for botli researeli 
workers and students. After a discussion of the 
classification of organic compounds and the 
methods of separating mixtures, the various 
groups of organic compounds are presented in 
the 9 subsequent chapters. The author im- 
parts a wealth of up-to-date well-documented 
information. The preparation of many modern 
reagents is' described, yet old established 
methods are not neglected. This book also 
contains a concise discussion of the methods of 
determining physical constants such as melting 
point, boiling point, density, refractive index, 
optical rotation, etc. The work can be recom- 
mended unreservedly. M. E. 

A Short Handbook of Practical Anesthetics. 
By Hoel Parry-Price, M.R.C.S., L.R.- 
C.P., D.A. (R.C.S.), Royal Berkshire 
Hospital. Foreword by Cecil P. G. 
Wakeley, C.B., Consulting Surgeon to 
the Royal Navy. Pp. 127; 50 figs. Bris- 
tol, England: John Wright & Sons, Ltd., 
1946. Price, $3.00. 

This is not a text for students of anesthesia, 
but an interesting account of practical experi- 
ence in 25 years of civilian and militaiy anes- 
thesia. Written in a lucid manner, the author’s 
experiences are both interesting and comforting. 
Many practical points can bo found in this 
volume that are useful in the art of anesthesia. 

R. D. 

A Handbook for the Diagnosis of Cancer of 
the Uterus by the Use of Vaginal Smears, 
By Olive Gates, M.D., Pathologist, 
Massachusetts State Tumor Service; and 
Shields Warren, M.D., Assistant Pro- 
fessor of Patholog}^, Harvard IMedical 
School. With a Foreword bj’- George N. 
Papanicolaou, M.D., Ph.D. Pp. 182; 
50 ills. Cambridge; Harvard University 
Press, 1947. Price, $4.00. 

Introduction to Medical Psychology. By L. 
Ervhn Wexrerg, IM.D., Director, Bur- 
eau of Mental H 3 'giene, District of Colum- 
bia. Pp. 171. New York: Grune <fc 
Stratton, 1947. Price, .$3.50. 

An exceedingly clear, broad account of the 
psychologj' that is important for the medical 
student and practicing physicians. The author 
reports in an unbiased way the central ide.ns of 
Rreud, t\ atson, Cannon, the Gcstaltists and 
others, and creates an unexpected harmony 
between strange bed-fcllows. Ciiaptcrs of 
special interest describe the differing values 
in man’s life, the apparatus of knowledge, and 
the prolonged childhood of man. E. B. 
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.Alan MoNcniEFF, I^I.D. (Lond.), F.R.- 
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Baltimore and London: Williams it Wil- 
kins, 1947. Price, $9.00. 

IFnfcr Supply and Sewerage. By Ernest W. 
Steel, C.E., Consulting Enpiinccr to Insti- 
tuto Nacional de Obras Sanitarias, Vene- 
zuela; Member American Society of Civil 
Engineers. 2nd ed. Pp. 6GG; 2G4 figs. 
New A'ork and London; McGraw-Hill, 
1947. Price, $6.00. 


The Development of Modern Medicine. By 
Riciiauu II.\uulson Shryock. 2nd cd. 
(1st Borzoi ed.) Pp. 472; 10 ills. New 
York: Knojif, 1947. Price, $5.00. 

May’s Manual of the Diseases of the Eye. By 
CiiAULEs A. Peuera, M.D., Assistant 
Clinical Professor, College of Physicians 
and Surgeons, Columbia University. 19th 
cd. Pp. 521; 387 ills., 93 in color. Balti- 
more: Williams it Wilkins, 1947. Price, 
$4.00. 

.1 Handbook of Ocular Therapcidics. By the 
late Sanford R. Gifford, M.D., F.A.C.S., 
Professor of Ophthalmologj', Northwpstern 
University Medical School. Revised by 
Derrisk I''ail, M.D., D.O. (0.non.), 
F.A.C.S. 4th cd. Pp. 336; CG ills. Phila- 
dcljihia: Lea it Febiger, 1947. Price, 
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Textbook of Medicine. By Various Authors. 
Edited by Sir John Cony’dbare, K.B.E., 
M.C., D.M. (OxoN.), F.R.C.P., Physician 
to Guy’s Hospital. Sth ed. Pp. 1170; 56 
ills. Baltimore and London; Williams & 
Wilkins, 1946. Price, .$8.00. 

This textbook covers the entire subject of 
intcrnnl medicine nnd in addition includes 
clinpters on ncuroloRy nnd mental diseases. 
Aitliougb in some instances Americans will dis- 
afcreo with the descriptions of clinical pictures 
and witli recommendations for therapy, it may 
bo rcBorded as a convenient reference for the 
Britisli viewpoint on clinical medicine. ■!¥. S. 
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RELAPSE OF PATIENTS WITH PERNICIOUS ANEMIA RECEIVING 

FOLIC ACID 

By 0. C. Hansen-Pruss, M.D. 

ASSOCIATE PBOPEBSOK OF MEDICINE 
DURHAM, NORTH CAROLINA 


(From the Department of Medicine, 

The recent medical literature contains 
many articles which report the efficacy of 
folic acid in the treatment of macrocytic 
anemias, the anemias of childhood 
with a megaloblastic bone marrow.^® The 
I'efractory anemias, and leukopenic states,® 
in the relief of pellagrous glossitis,® and 
particularly in the treatment of pernicious 
anemia.'^ 

TOien a well-recommended remedy en- 
ters the therapeutic field, a tendency soon 
develops to look upon it as a non-failing 
curative agent. This is particularly true 
if it is described as a specific drug for a 
specific disease. Many practitioners and 
a host of misinformed laymen believe to- 
day that folic acid is, at least, an unfailing 
medicine for the treatment of pernicious 
anemia.® This is a- misconception which 
can lead to disastrous consequences. For 
this reason we report 2 patients vith per- 
nicious anemia who relapsed while receiv- 
ing folic acid. 

Case Reports. Case 1. (Duke Unit A 
5776S.) A 3S year old salesman, first seen in 
March 1941, complaining of anemia, recog- 
nized 2 years previously. The physical 
examination showed a prematurely graying, 
well developed, well nourished, non-icteric 
man, with a moderate deflection of the nasal 
scjitum, with a right, indirect inguinal hernia, 
and a mild dennatophytosis of both feet. 

voi., D 1 .J. xt>. ■*> -.vovKMur.R, 1047 


Duke University Medical School) 

There was no papillary atrophy of the 
tongue. The neurologic examination was 
entirely normal. The gastric analysis dis- 
closed a complete lack of free HCl after the 
administration of histamine, a total acidity 
of 7°. The blood serology, the urine, the 
blood chemical studies, the basal metabolism 
and the Roentgen examinations of the chest 
and gastro-intestinal tract showed nothing 
abnormal. 

Blood Picture. Hgb., 11.2 gm. (72%); 
RBC, 2,510,000; WBC, 5450; Col.In., 1.44; 
MCV, 130 cm; reties., 4%; platelets normal. 
The patient received 1 cc. of a potent con- 
centrated liver extract intramuscularly each 
day for 10 days. On the 5th daj’- the reticu- 
locytes were 18% of the total red cell count; 
the total blood values and indices were 
essentially the same as on admission. He 
was subjectively improved so that he no 
longer complained of weakness and fatigue. 
He was discharged and was adxdsed to take 
15 units of liver extract intmmuscularly 
twice a week for 6 weeks, and oral liver ex- 
tract 1 tablespoonful 3 times daily until his 
blood levels were normal. Since the patient’s 
brother was a practising physician it was 
hoped that this plan of treatment would be 
carried out faithfully. The patient was re- 
admitted to tin's hospital on May 27, 1946 
because of a return of weakness, fatigabil- 
ity, exertional dyspnea and, in addition, 
soreness of the tongue of 6 months duration. 
He stated at this time that he had discon- 
tinued the use of parenteral liver extract 
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3 years previously, and had taken oral liver 
preparations only sjjoradically. The cen- 
eral examination showed that he was still 
well nourished; the mucous membranes were 
pale, the skin liad a lemon yellow tint. 
There was still no frank jaundice, there was 
no evidence of bleeding, there was no atro- 
ph}’ of the papillrc of the tongue, the heart 
and lungs were normal, the liver and spleen 
were not palpable; B.P. 100/72. Tiie neuro- 
logic examination showed nothing abnormal. 

This patient responded fairly well to .30 
mg. of folic acid a day; he maintained his 
hemoglobin and red cell levels for o months 
on 5 to 10 mg. of folic acid a da)', and then 
relapsed. The relapse irrocecded dcsiiitc in- 
creased doses of folic acid. This is shown 
in the following table. 


weeks duration. He was also short of breath 
on c.xertion. Ills aj)j)etife was good, and he 
denied gastro-intestinal disturbances. His 
tongue had been sore, off and on, for 
about 2 years, .and he had noticed some 
numbness and tingling in the fingers 
and toes for about 3 months. He was pale 
and tlun, the sclerw wore bluish. The 
marginal pn])ill.a; of the tongue were atro- 
phied. 'I'lie iicart and lungs were normal. 
B.P. 110/G8. The liver was not palpable, 
but the tij) of the s[)lecn could be felt on 
deej) inspiration. The vibratory sen.se (fork 
No. 2,30) was lost below the knee on the 
right .side, and below tlic ankle on the left 
side. The blood scrolog)', the urine and 
stool were normal. The blood NPN, uric 
acid and ^'an den Bcrgh were not elevated. 


Taiii.k 1.— Ht.ooti Cni.i. D.vta is Case 1 

Unh. UHC WIiG linn. .\tCIK; MCV Rfftic-s. 

Dntc (Km.) (mills.) (tlioiis.) (vol. %) CM (XlO-'^rm.) (i-,.) (%) Tn-.iiiniiil 


1910 


5/27 

9.8 

2.04 

4.3.-. 

29.0 

i.it 

5/30 






5/31 






0/1 






0/3 






0/4 

li^O 

2.07 

4 loo 

30 A* 

1 22 

0/21 

14.1 

4.11 

10.00 

43.0 

I.OS 

7/20 

10.7 

4.52 

5.20 

40.0 

1.20 

9/27 

15.7 

4.50 

5.00 

41.0 

1.10 

10/31 

15.7 

4.55 

0.80 

40.0 

1.10 

1947 

1/20 

13.2 

4.07 

2.95 

38.0 

1.04 

1/29 

13.4 

3.57 

3.80 

38,0 

1 22 

2/3 

12.1 

2.90 

3.00 

32.0 

K32 

2/9 

13.2 

3.30 

0.80 


1.14 

2/21 

14.8 

4.25 

5.95 

4i.'o 

1.10 


The bone marrow pattern was always 
consistent with the severity of the anemia, 
so that megaloblasts were present in abun- 
dance when the anemia was severe, and were 
sparse as the maturation of eiythropoietic 
elements took place, and as the anemia sub- 
sided. This patient was discharged from 
the hospital and was instructed to take liver 
extract parenterally, 15 units tivice a week 
for 3 weeks, and thereafter once a week or 
once eveiy 2 weeks as necessary to maintain 
normal blood levels. When he was last 
heard from the blood levels were apparently 
normal, as were the indices, and a blood 
smear recently obtained failed to show 
macrocytosis. 

Case 2. (Duke Unit B 81542.) A 63 
year old unemployed male who was ad- 
mitted to this hospital on June 14, 1946, 
complaining of progressive weakness of 3 


37.0 

IIO.O 

4.3 

5/2'.t, 10 IDK. fniic field I.i.d 


. , 

S.O 




5.0 




3.1 



100.0 

2.0 

3.0 

0/5, 10 tim. folie ueid 1> d. 

:UM 

UM.O 

.3 0 

l!/2S. 5 mg. folii'.iii'iil <|.il. 

30.0 

102.0 

1.0 

, 4 ” 

35.0 

101.0 

1.5 

10 nii;. folie acid <|.d. 

4 - 

5 tUR. fohe acid q.d. 

1 

34.(1 

101.0 

2.0 

32.4 

05.0 

2.0 

15 tiiR. foiie aeu( t.i.d 

32.5 

lOG.O 

1.5 


30.0 

110.0 

1.0 

Liver extract» 15 n. a day 

35.0 

105.0 

12.8 

Liver extract, 15 u. twice a week 

37.0 

02.0 

1.5 

4 - 


The serum proteins were normal. Roentgen 
rays of the chest and of the gastro-intestinal 
tract were essentially normal, as was the 
electrocardiogram. The gastric analysis dis- 
closed a complete lack of free HCl. 

Blood Pkhire (Junfc 15, 1946). Hgb., 
4.4 gm. (28%); RBC, 1,210,000; WBC, 4000; 

reties., 7.1%. AnisocytosisandpoikiIoc3'tosis 

were striking and many macrocytes were 
seen; there were a few erythroblasts (about 
1 per 100 white cells). The differential white 
cell formula was normal. Bone marrow: 
The material obtained by sternal puncture 
was very cellular and the nucleated cell count 
was estimated to be 182,000 per mm.^ The 
erythroid elements were present in tremen- 
dous numbers and were mostly erythroblasts 
and megaloblasts. The reticulocyte count 
was 8%. 

This patient had never received antiperm- 
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cious anemia therapy. He responded ■well 
to 30 mg. of folic acid a da}'-, so that the 
reticulocyte count ■ reached 29 % on the 
9th day. The hemoglobin and red cell levels 
never approached the adequate normal with 
doses of 20 and 10 mg. of folic acid a day. 
The hematologic relapse occurred after 90 
days, even though the dosage of folic acid 
was increased from 5 to 30 mg. a day as 
shown in the second table. 


treatment for his pernicious anemia, and, 
as far as could be determined, had not 
been treated with liver extract. He re- 
sponded well to the oral administration of 
folic acid. The subjective improvement 
was also satisfactory. Horvever, macro- 
cytosis again persisted and the color index, 
mean corpuscular volume and the mean 
hemoglobin content did not revert to 


Table 2,— Blood Cell Data in Case 2. 


Date 

Hgb. 

(gm.) 

RBC 

(mills.) 

WBC 

(thous.) 

Hem. 
(vol. %) 

1946 

6/15 

4.4 

1.21 

4.0 

13.0 

6/20 

5.0 

1.50 

11.9 


6/24 

6.1 

1.94 

4.0 

26 ;o 

6/27 

7.5 

2.35 

4.4 

25.5 

6/29 

7.0 

2.66 

4.4 

26.0 


7/29 

10.7 

3.60 

6.5 

38.5 

9/30 

10.0 

3.56 

6.7 

35.5 

10/30 

S.9 

2.85 

4.9 

29.5 

11/9 

8.4 

2.59 

7.1 

30.0 

11/14 

10.8 

3.46 

7.9 

35.8 

11/22 

11.5 

3. 87 

11.0 

39.5 

1947 

1/29 

14.5 

4.. 35 

7.2 

41 .5 



MCHC 

MCV 

Reties. 

C.I. 

(X 10-« gm.) 

(cm) 

(%) 

1.20 

36.4 

109.0 

7.1 

l.OG 

33.3 

113.0 

9.6 

1.02 

30.9 

103.0 

29.1 

1.01 

31.0 

108.0 

9.0 

0.94 

28.5 

97.7 

10.0 


0.96 

30.0 

107.0 

1.5 

0.99 

30.0 

99.0 

1.5 

1.01 

31.0 

103.0 

1.5 

1.04 

32.0 

102.0 

1.0 

1.00 

.30.0 

103,0 

7.5 

0.94 

29.7 

101.0 

5.5 

1.07 

28.0 

90.0 

1.5 


Treatment 


6/lG, folic acid, 10 mg. t.i.d. 


Folio acid, 10 i^. b.d. 

7/6, folic acid, 5 mg. b.d. 

Y 

7/20, folic acid, 5 mg. q.d. 

T 

Folic acid, 5 mg, b.d. • • ■ 

. 

Folic acid, 10 e^. t.i.d. 

Liver extract, l|^u. O-d- 
Liver extract, 15 u. twice a week 


Discussion. These 2 patients were un- 
doubtedly suffering from pernicious ane- 
mia, and the first patient had been proven 
previously to be responsive, clinically and 
hematologically, to liver fractions effective 
in pernicious anemia. When he relapsed, 
because he discontinued his anti-anemic 
liver extract therapy, he received folic acid 
and had a very satisfactory initial response. 
However, it is evident that the hematologic 
reaction never returned to normal. Al- 
though the reticulocyte reaction rvas ade- 
quate, and the red cell count and hemo- 
globin levels rose appreciabi}', the hema- 
tologic indices never reverted to normal, 
and the macrocytosis persisted. This is 
interesting in view of the reports of the 
efficacy of folic acid in patients with 
macrocytic anemia in relapse.®’’ Further- 
more, this patient continued to relapse 
after receiving large and increasing doses 
of folic acid, and then responded be.auti- 
fully to 15 units of concent nated liver ex- 
tract a day for S days. 

The second patient had never received 


normal. Within a relatively short time, 
this patient relapsed while he was receiv- 
ing 5 mg. and then 30 mg. of folic acid a 
day. He also reacted properly to standard 
amounts of concentrated liver extract 
given parenterally. 

It is apparent that in some patients 
the accepted dosage of folic acid will not 
maintain a hematologic remission. In 
these 2 patients the initial response to folic 
acid was adequate, except for the per- 
sistence of macrocytosis. The continued 
raacroc}dosis does not necessarily imply a 
relapse. Thirty other patients with per- 
nicious anemia -were treated wnth folic acid 
in this clinic. In these patients, the initial 
reticulocyte response was adequate in 17, 
fair in 10 and unsatisfactory in 3. Macro- 
cytosis, as proven by the appearance of 
the red cells in fresh and stained smears, 
and by the mean corpuscular volume, per- 
sisted in a high percentage of this group. 
This is being reported separately. - 

Folic acid, administered by mouth, 
therefore, seems to lack some of the prop- 
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crtics of purified liver cxtruet udrninis- 
tered parenterally. In 2 patients with 
pernicious anemia studied in this clinic, 
folic acid failed to maintain a remission. 

Summary and Conclusions. 1. Two pa- 
tients arc reported, who were suffering 
from pernicious anemia, and relapsed while 
receiving folic acid. 

2. The licmatologic response after folic 
acid therapy in these 2 patients was not 
complete insofar that macrocytosis per- 
sisted and the hematologic indices re- 
mained abnormal. 


It. Both patients relapsed while receiv- 
ing what is regarded as adequate folic 
acid therapy. 

4, These 2 patients showed a subse- 
quent satisfactorj' response to liver extract 
administered parenterally in doses con- 
sidered minima! for the treatment of pa- 
tients with pernicious anemia. 

0 . Folic acid in doses generally accepted 
ns effective will not prevent a hematologic 
relapse in some patients with pernicious 
anemia. 
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THE DIAGNOSTIC VALUE OF THE STERNAL BONE MARROW PUNCTURE IN 

POLYCYTHEMIA VERA 

By Isaac Hall Manning, Jr., M.D., F.A.C.P. 

DURHAM, NORTH CAROLINA 


The diagnosis of polycythemia vera 
(erythremia) is not difficult when the clini- 
cal manifestations of the disease are well 
advanced, and abnormally high values for 
number of erythrocytes, volume of packed 
red cells and quantity of hemoglobin are 
found in the peripheral blood. In the 
early stages of the disease, however, there 
is no distinct borderline between the upper 
limits of normal values for erythrocytes 
in healthy individuals and the range of 
abnormal values for early polycjMhemia 
vera. Until a more exaet definition of 
diagnostic criteria for the recognition of 
the early phases of the disease can be 
established, the diagnosis of these early 
cases must often remain speculative until 
the course of the disease reveals its true 
nature. An evaluation of the sternal mar- 
row puncture as an aid in the diagnosis of 
polycythemia vera therefore seemed desir- 
able. 

Material. The clinical records and 
sternal bone marroiv material of the Hema- 
tology Laboratory, Duke Hospital, was 
studied from all patients with the diagnosis 
of polycythemia vera. The cases were 
considered in 3 groups: (1) polycythemia 
vera; (2) suspected polycythemia vera; 
and (3) normal controls. 

In Group 1 there are 22 patients in 
whom the diagnosis of polycythemia vera 
seemed clearly established on the basis of 
clinical, hematologic and other laboratory 
data. Some of this information is tabu- 
lated in Table 1. Tliese patients, in gen- 
eral, had values ranging consistently above 
6,000,000 j)cr c.mni. for erythrocyte.s, 
above IS gm. per 100 cc. for hemoglobin, 
and above 50 cc. per 100 cc. for volume 
of inicked red cells. The clinical findings 
and course of the disease wliilc under 
ob.servation were thought typical of either 
essemial pnlyeyth.cmia with splejiomegaly 


or polycythemia with hypertension (Gais- 
bock’s s3mdrome). 

Group 2 includes 29 patients in whom a 
diagnosis of poB’^cythemia vera was made 
or seriouslj’^ considered, so much so that 
severjil patients in this group were treated 
bj'^ venesection or b^’' irradiation using 
“spra.y” technique. Some of the clinical 
and laboratory data on this group arc 
tabulated in Table 2. In most instances, 
however, this group of patients failed to 
maintain values for hemoglobin, number 
of er^'^throc^'tes and volume of packed red 
cells which were consistent! j'' idiove the 
upper ranges of normal values during the 
periods under observation. In addition, 
splenomegalj^ hepatomegal.v, plethoric ap- 
pearance and other clinical features of 
polj'cjMhemia vera were often lacking. 
These patients appear to represent a 
mixed, borderline group including indi- 
viduals with earB' poB'c^'themia vera, 
normal individuals with values for eryth- 
roc.vtes, hemoglobin and ^''olume of packed 
cells at the upper limits of normal range, 
and individuals with mild eiythrocytosis 
of undetermined cause. Patients vdth 
demonstrable causes for erythroc.ytosis, 
such as heart disease, pulmonary* disease 
and anoxemiii from other conditions, were 
excluded from the stud,v. 

Group 3 represents a control group of 
50 normal medical students and techni- 
cians ranging in age from 19 to 35 .vears. 
The peripheral blood data on this group 
was within norma! range. Since the stud- 
ies of several investigators® A'ar\' widel.v 
for normal values for sternal marrow, it 
was felt advisable to cstaWish, for pur- 
poses of comparison, the normal values 
for sternal marrow by the techniques em- 
ployed in this clinic. 

Methods. The technique of sternal bone 
marrow jiuncture wa.': uniform in all cases. 
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A No. 18 Bpina! puncture neccilc was intro- 
duced vertically into the body of the sternum 
between the levels of the second and third 
ribs under procaine anesthesia, and 1 cc. or 
less of sternal marrow was aspirated into a 
dry sj^inge. Smears were made immediately 
from oxalatcd marrow specimens in most of 
the earlier cases. Later, smears were made 
directly from fresh marrow from tlie sternal 
puncture needle at the bedside. The fixed 
smears were stained with a modification of 
Wright's stain. Counts of the total nucleated 
marrow cells were made and the total values 
of white blood cells calculated. Reticulated 


counts were made by the wet film technique. 
In almost all cases, the total counts and 
difTerential counts were made by the same 
cxjjerienccd iiematologic technician. 

The limitations in the technique of 
sternal bone marrow puncture and the 
wide variations and different interpreta- 
tions of the results are too well known 
to require elaboration. It is generally 
conceded that the sternal marrow punc- 
ture offers a safe clinical means by which 
valuable knowledge of bone marrow func- 
tion may be secured. 


Table 1. — So-mmahv of Data. iNCLuniNo Physical Findinos and Maximal Observed Values in 
THE Peiui'IIebal Blood, in 22 Cakes of Polycythemia Veila 


Case 

No. 

Sex 

Arc 

3’icthoric 

appear- 

ance 

Spleiio* 

mcgaly 

Hepnto- 

mcRaly 

Dlood 

pres-AUre 

R.B.C. 
(mill, per 
c.mm.) 

Hb. 

(em.) 

Vol. 

packed 

cells 

(%) 

W.B.C. 
(thous. ne: 
■ c.mm.) 

J 

M 

57 

*f “f + 

^4. 


110/90 

9.95 

25.0 

58.0 

21.35 

2 

I* 

38 

+ + 

4-4-4-4- 

+++ + 

130/100 

S.O 

21.0 

64.0 

17.8 

3 

F 

72 

4, + 4- 

•f-h 

+ + "1" 

140, 'SC 

S.2S 

22.5 

05.0 

20.8 

4 

M 

,-.2 

4“ 4“ 4* 

-h-h-h-H 

+ + + + 

no/c 2 

8.09 

26.0 

69.7 

8.75 

5 

M 

52 

4'4‘4' 

4* 4-4-4- 


1 18/SS 

7.CG 

10.1 

5L4 

34.0 

C 

M 

39 

4“ 4* 

-f* 

+++ 

112/74 

C.76 

20.8 

49.0 

10.3 

1 

M 

55 

4-4*4* 

4- 4-4-4- 

++ 

125/80 

S.s 

19.4 

58.9 

Sfi.O 

8 

M 

47 

4-4*4* 

0 

+ 

150/82 

0.83 

21.2 

56,7 

11.3 

9 

M 

47 

4-4-4- 

4-4-4- 

+ 

1 32/80 

S.75 

23.0 

80.8 

9.0 

10 

F 

53 

4" 

0 

-f- 

2.30/1 2C 

7.0 

22.0 

03.2 

10.44 

U 

F 

42 

4-4-4’ 

-f 

++++ 

23C/I48 

0.04 

20.3 

04.0 

16.0 

12 


48 

-h-f 

^4-^4. 

++++ 

190/128 

0.04 

20.0 

56.0 

8.2 

13 

M 

.30 

4. 

4- 4-4-4- 

+ 

140/00 

8.70 

25.5 

07.6 

15,65 

U 

M 

58 

-f4-4-4’ 

4. 4- 4. 4. 

++ 

14S/8G 

8.0 

21.1 

57.7 

20.0 

16 

M 

24 

4- 4*4*4* 

0 

0 

200/120 

7.S 

20.0 

CI.O 

21.76 

16 

M 

18 

4-4- 

0 

0 

120/80 

7.03 

20.5 

5C.7 

22. S 

17 

M 

42 

4-4'4- 

0 

+ 

150/100 

G.OS 

24.8 

75.2 

9.8 

18 

M 

47 

4-4-4- 

0 

+ 

180/120 

6.05 

10.0 

52,0 

19.1 

19 

F 

45 


4- 4-4-4- 

+++ 

IGO/SO 

9.05 

25.0 

83.9 

17.4 

20 

F 

51 

-f* 

4- 4-4-4- 

++++ 

110/70 

7.04 

17.0 

51.23 

11.0 

21 

M 

08 

-^4*4* 

4- 

+++ 

148/94 

7.79 

19.0 

00.9 

21. S 

22 

U 

35 

4*-V-*i- 

0 

0 

13C/7S 

G.OS 

15.5 

49.0 

17.2 

Table 

2.— 

Summaby 

OF Data, 

Including Physical Findings and Maxialal Observed V 

ALUES IN 

Case 

No. 

Sex 

pEniFHEHAL Blood, in* 29 Cases of 

Plethoric 

appear- Spleno- Hepato- 

Age ance megaly mecaly 

SUSPECTTED PoLVClTKEMrA YEltA 

Vol. 

R.B.C. packed 

Blood (mill, per Hh. cells 

pressure c.mm.) (gm.) (%) 

W.B.C. 
(thous. Per 
c.mm.) 

I 

M 

47 

-f- -f" 

0 

0 

120/80 

0.29 

20.2 

50.4 

9.20 

2 

M 

43 

4-4- 

0 

0 

140/90 

G.49 

18.2 

53,0 

6.49 

3 

M 

3G 

-f- 

0 

0 

1 10/80 

6.0 

18.6 

57.0 

11.30 

4 

M 

33 • 

-h 

4-4- 

0 

130/78 

5.85 

17.5 

53.0 

13.05 

5 

M 

37 

4- + 

0 

0 

120/70 

6.04 

IS.O 

51.23 

11.55 

6 

M 

64 

-f + 4- 

4“ 

++++ 

160/102 

5.77 

17.3 

iir'.o 

6,05 

7 

M 

28 

0 

0 


138/80 

0.01 

19.0 

9.4 

8 

M 

37 

0 

0 

+ + 

130/78 

6.0G 

18.6 

47.41 

15.45 

9 

M 

42 

0 

0 

112/50 

7.82 

17.8 

60.0 

10.25 

30 

F 

38 

'4--f"4- 

0 

0 

150/90 

5.85 

19.0 

4.4 

15.7 

11 


55 

4-4-4- 

0 

+ + + + 

150/85 

6.04 

18.8 

50.0 

9,5 

12 

M 

65 

0 

0 

0 

112/70 

6.12 

19.0 

54.5 

11.2 

13 

M 

4S 

4-4- 

4-4- 

+++ 

170/110 

6.27 

19.5 

55.0 

11.15 

14 

M 

38 

0 

0 

0 

125/SO 

5.45 

17.2 

53.0 

10.75 

15 

F 

30 

4-4- 

0 

0 

130/80 

0.09 

21.0 

51.2 

12.3 

16 

M 

38 

0 

0 

0 

134/8G 

6.31 

18.0 

50.1 

15.52 

17 

M 

47 

-f- 

0 

+++ 

140/80 

5.56 

17.3 

46!9 

8.75 

18 

M 

43 

4- 

0 


130/78 

6.14 

18.4 

18.0 

19 

M 

46 

4-4- 

0 

++++ 

138/9G 

5.97 

19.2 

51.0 

13.15 

20 

M 

39 

0 

0 

0 

130/80 

5.28 

16.1 

48.0 

16.5 

21 

M 

26 

4-4--f 

0 

0 

126/84 

6.68 

16.5 

50,0 

4,75 

22 

M 

38 

0 

0 

0 

114/70 

6.32 

19.2 

50.0 

9.0 

23 

M 

39 

4- 

4- 

+ 

130/90 

0.12 

21,6 

57.2 

10.6 

24 

M 

42 

4" 

0 

0 

118/80 

5.84 

17.5 

55.0 

9.16 

25 

M 

32 

0 

0 

0 

158/102 

5.9 

18.4 

52.32 

8.3 

26 

M 

39 

4- 

0 

+++ 

120/80 

6.09 

19.0 

49.0 

9.1 

27 

M 

69 

-f 

0 

++ 

210/130 

5.72 

IS.O 

53.0 

11.9 

28 

M 

38 

4- 

0 

++ 

180/124 

6.23 

19.1 

58.8 

9.1 

29 

M 

19 

0 

0 

0 

180/120 

5,95 

19.0 

54.5 

10.45 
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Results. The morphology of the ster- 
nal marrow of the 3 groups of cases was 
analyzed on the basis of comparative levels 
of total nucleated ceils, total white cel! 
count, differential counts on the white 
cell series, differential counts on the eryth- 
roid series, myeloid-erytliroid ratios, and 
percentage levels of reticulocytes (see 
Tables 1 to 8). 

Absolute counts of marrow cells are 


microscopic field, or by actual count of 
the nucleated elements. In various hema- 
tologic disorders, the nucleated cells of 
the marrow are found to be increased or 
decreased beyond the average levels found 
in normal individuals. It is of consider- 
able importance for clinical analysis to 
determine whether these variations from 
the normal involve the white cell series, 
the erythroid series, or both. 


Table 3.-— Total Nucleated Cell Count in Sternal Marrow in Polycythemia Vera, 
Suspected Polycythemia, and Normal Individuals 



Group 1 

Group 2 

Suspected 

Group 3 


Polycj’tliemi.a vein 

poB'cythemia vera 

Normal controls 

Total nucleated count 

(% at level 

(% at level 

(% at level 

(thous. per c.ram.) 

indicated) 

indicated) 

indicated) 

0-10 . . 

.... S.O 

3 4 

4,0 

11-20 . . 

. . . . 16.0 

6.6 

14.0 

21-30 . . 

.... 0 

16.6 

14.0 

31-40 , . 

.... 20,0 

23,4 

24 0 

41-50 . . 

. . . . 16.0 

6.6 

12.0 

51-GO . . 

.... SO 

10.6 

12.0 

61-70 . . 

.... 8.0 

10 0 

4.0 

71-SO . . 

.... 0 

3 4 

6.0 

Sl-90 , . 

. . . . 12.0 

0 

0 

91-100 . . 

.... 8.0 

0.0 

6.0 

101-110 . . 

.... 4.0 

3 4 

0 

111-120 . . 

.... 0 

3 4 

0 

121-130 . . 

.... 0 

0 

0 

131-140 . 

0 

0 

4.0 


Table 4.— Total White Cell Count in Sternal Marrow in Polycythemia Vera, Suspected 
Polycythemia Vera, and Normal Controls 


Total white cell count 

Polycythemia vera 

Suspected 
polycythemia vera 

Normal controls 

(% at level 

(% at level 

(% at level 

(thous. per c.mra.) 

indicated) 

indicated) 

indicated) 

0-10 .... 

11,5 

3,3 

4.0 

11-20 .... 

11.5 

23.4 

18.0 

21-30 .... 

. . 23.1 

20.0 

20.0 

31-40 .... 

. . 23.1 

13 4 

24.0 

41-50 .... 

. , 3 9 

13.4 

16.0 

51-00 .... 

7.6 

10.0 

4.0 

61-70 .... 

. . 11.5 

3.3 

0 

71-80 .... 

. . 3.9 

C.G 

10.0 

81-90 .... 

. . 3.9 

0 

0 

91-100 .... 

0 

6.6 

0 

101-110 .... 

. , 0 

0 

2.0 

111-120 .... 

. . 0 

0 

0 

121-130 .... 

0 

0 

2.0 

131-140 .... 

. . 0 

0 

0 


subject to wide fluctuations due to teclmi- 
eal reasons, even in normal individuals, 
and arc generally conceded to be of little 
value. To judge hyperplasia of the bone 
marrow cells, some reliance must be placed 
on the relative members of nucleated cells 
in the marrow specimen, whether this be 
based simply on \-isual impressions of 
number of nucleated cells in studying a 


Comparative studies of the total nucle- 
ated cells and of the total white cells are 
tabulated respectively in Tables 3 and 4. 
Study of Table 3 shows no great differences 
in the 3 groups of indi\nduals as far as the 
total nucleated counts in the sternal mar- 
row are concerned. The percentage ranges 
are comparable. In the polcythemia vera 
group 60% had total nucleated cells below 
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50,000 per e.uiiii. of sternal marrow as 
compared with 0S% in the controls and 
5().f) % in the borderline group. The maxi- 
nuim recorded level in the polycythemia 
group wa.s 107,000 micleated cells per 
c.inni. as compared to 1.38,000 in the nor- 
mals and 120, dSl in the borderline group 
There is no evidence in these cases that the 
total number of nucleated cells per c.mm. 
in the sternal marrow of patients with 
polycythemia vera \’aries in any significant 
way from the normal range. 

Study of Table 4 reveals jio appreciable 
significant differences in the range of total 
white cells per c.nnn. in the sternal mar- 
row of the 3 gronp.s. The jjolycythemia 
group and the borderline group had 73.1 
and 73.5% respectively with total white 
counts of .50,000 or less per c.mm,, of 
sternal marrow whereas 82% of the nor- 
mal group were within this range. The 
maximum white count recorded in the 
normal group was 121,440 per c.mm. as 
compared with maximums of 100,000 in 
the borderline group and 81,320 in the 
polycythemia vera group. The studies 
tabulated here would seem to indicate 
that there is no relative increase in the 
total number of white blood cells per 
c.mm. of sternal marrow in polj'cythemia 
vera. 

•Analysis of the differential counts of 
the white blood cell series in the sternal 
marrow of the 3 groups (Table 5) reveals 
rather striking similarities both in regard 
to percentage range and average percen- 
tages. The onlj" significant difference 
between the control group and the poly- 
cythemia vera group is in the percentage 
of segmented neutrophils. These cells are 
more numerous in the polycythemia group, 
apparently \vith a slight reduction in 
the percentage of “undifferentiated” and 
neutrophilic myelocytes, as compared wth 
the normals. As might be expected, the 
borderline group Of cases shows average 
values intermediate between those of the 
normals and the polycythemia group. 
These findings would seem to be in accord 
with the neutrophil leukocytosis so com- 


monly found in the peripheral blood of 
patients with polycythemia vera. 

Differential studies on the erythroiri 
series (Table (i) reveal a moderate but 
definite increase in the nvcrnge as well 
as the range of values for erythroblaste 
per 100 white cells counted in tlie poly- 
cythemia group as compared to the nor- 
mals. The borflcrline group again oc- 
cupies an intermediate position. This 
would appear to indicate a moderate in- 
crease in the acti\'ity of the erythroid ser- 
ies at the erythroblastic level in the poly- 
cythemia vera group, and to a less extent, 
in the borderline group. Average values 
for the other nucleated erythroid elements 
are not significantly different. In general, 
the total number of nucleated red cells 
per 100 white cells is significanth' elevated 
in the polycythemia group as compared 
to the normal group, as shown by an 
average figure of 31.7 nucleated red cells 
per 100 white cells counted in the poly- 
cythemia group as compared to 15.70 in 
the normal group, and 21.2 in the border- 
line group. Further evidence of a moder- 
ate but definite increases in the actmty 
of the erythroid series in polycythemia 
vera is found in Table 7, indicating a 
generally higher average level of reticulo- 
cytes in the sternal marrow of polycythe- 
mia vera than in that of normal indi- 
\dduals. 

Study of the myeloid-erythroid ratio in 
the 3 groups (Table 8) reveals a definite 
rise in the proportion of erythroid cells to 
myeloid cells in the polycythemia vera 
group. In this group 56 % of the patients 
showed myeloid-erythroid ratios of 2.9:1 
or below as compared with 14.2 % at this 
level or below in the normals and 25.8% 
in the borderline group. Taking 4 or 5 
to 1 as the usual adult ratio, 76% of the 
polycythemia group are found to have 
ratios low’er than 4.9: 1, as compared with 
61.3% in Group 2 and 42.6% in the nor- 
mals. The range of myeloid-erythroid 
ratios in the normal controls was greater 
than in either of the other 2 groups, pos- 
sibly to be attributed to the low^r average 
ages of the group. 
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Megakaryocyte values could not be deter- 
mined satisfactorily on smears made from 
oxalated marrow. Instances with ex- 
tremely large numbers of megakaryocytes 
in the marrow have been recorded/ but 
this is not a constant finding. Increase in 
the platelets of the blood was not noted 
in any of the cases studied in Groups 1 or 2. 

Discussion and Conclusions. On the 
Isasis of the study of the sternal bone mar- 


row in these groups, it seems apparent 
that certain definite patterns raa\- be 
found in the sternal marrow of patients 
with polycythemia \"era: (a) The bone 
marrow as obtained from the sternum 
may be and frequently is entirely Avithin 
the limits found in healthy normal indi- 
Auduals, suggesting that the bone marrow 
actually is entirely normal or, if hyper- 
plasia exists, there is no variation from 


Table 5. — Analysis of Differential Percentages or White Blood Cells in Polycythe.mia A'era, 
Suspected Polycythemia, and normal Controls 



Group I 

Polycythemia 

vera 

Group 2 

Suspected 

polycythemia 

Group 3 

Normal 

controls 


Average 

Range 

Average 

Range 

Average 

Range 

Polymorph neutrophil, secs. 

44.3 

22-80 

36.47 

18-55 

31.9 

13-55 

PoljTxiorph neutrophil stabs. 

15.2 

2-32 

10.68 

1-25 

17.9 

2-44 

Polymorph neutrophil juA'cnilea 

9.2 

0-22 

10.71 

1-23 

11.8 

1-21 

PoljTnorph eosinophil 

2.6 

0-7 

2.40 

0- 8 

2.9 

0-15 

Polymorph basophil .... 

0.70 

0- 2 

0.41 

0- 2 

0.44 

0- 2 

Myelocytes, ‘ ‘ undifferentiated ” 

2.5 

0-17 

2.22 

0- 5 

5.90 

0-15 

Myelocytes, neutrophil . 

3.8 

0-19 

3.65 

0-13 

8.0 

0-16 

Myelocytes, eosinophil . . . 

0.57 

0- 2 

0.78 

0- 0 

0.60 

0- 1 

Myelocytes, basophil 

0.04 

0- 1 

0.19 

0- 3 

0.06 

0- 1 

Myeloblasts 

1.2 

0- 3 

0.72 

0- 3 

1.46 

0- 4 

Lymphocyte, small .... 

11. C 

0-31 

17.12 

8-38 

14.08 

2-35 

Lj'mphocytc, larpc .... 

2.3 

0- 9 

4. SI 

0-20 

3.30 

0-11 

Lymphocyte, early .... 

0.07 

0- 1 

0.12 

0- 1 

0.02 

0- 1 

Monocyte 

2.1 

0- 6 

2.84 

0- 0 

2.80 

0-11 

Monoblast 

0.04 

0- 1 

0 

0 

0.02 

0- I 

Plasma coll 

0.31 

0- 5 

0.53 

0- 7 

0.18 

0- 3 


Table 0.— Nucleated Red Bi.uod Celi.s per 100 White Cell.s Coi'nted in Marrow of Poi.Y' 
cythemia Vera, Suspected Polycythemia, and Nor.mal Cuntrol.s 



Grouj, 1 

Group 2 

Group 3 


Polycythf»m!u 

vera 

Sti.specled 

polj’cythemia 

vera 

Norma! 

coiitroh 

Normohiast.'. .... 
Erylhrolilast.'- 
Mcgnlohla.sts .... 
llemohi.stioeytc.s . 

Average Range 

... 3.3 0-12 

. . . 28.2 1-09 

. . . 0.2 0- 2 

... 0 0 

Average Range 

2.38 0- 0 

18.29 5-71 

0.53 0-10 

0 0 

Average Range 

2.28 0-3! 

13.2 .3-43 

0.20 0- 2 

0.02 0- ! 


Tahle 7. Percentage of Reticulocytes in Stern.al M.iruow of Polycythe.mia Vera, 



Su.Sl'ECTED PoLA'CYTHEMIA, AND 
Group 1 

Normal Controls 
G roup 2 

Group 3 


Polycythemia 

Suspected 

polvcvthemia 

Norma! 


vera 

vora 

controls 

JReticuIoc\'U‘.*i . 

Average Uanpo 

.Average 


.Average 

Range 


2. CO 

0.5-10 

1.S7 

0-6 


Table S.—The Myei.oid-Ekythroid Ratio of Stkh.nal Marrow in Polycythemia Veila, 
Su.«pECTED Polycythemia, and Normal Controls 


Myeloid-vryihroid 

ratio 

1-1.;': I . 
---.D-.l 
•1— S : i 
■1-1. S:1 . 
■>'.',. 0:1 . 
fi-S.O.-l . 
7-T.0;l . 

S or worc:l 


vcytliemia vera 

Su.spccted 
polycvtlicmia v 

at level 

{% at level 

indicated) 

indicated) 

0 

0 

. 28. 0 

12.9 

- 28,0 

12.9 

. S.O 

12.9 

. 12.0 

22.0 

. 12.0 

12.9 

0 

9 7 

. S.O 

3.2 

. 4.0 

12.9 • 


Normal control' 
at level 
indicated) 

0 

fi.l 

S.l 

15. 2 

10.2 
10.8 

0.1 
10. 2 
S0.3 
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the normal in the proportions of the cellu- 
lar elements. (6) The bone marrow fre- 
quently shows definite variation from the 
normal in the proportions of cellular ele- 
ments, i. e., an increase in the number of 
nucleated red blood cells per 100 white 
cells counted, particularly in the number 
of erythroblasts, an increased number of 
reticulocytes, an increase in the jiropor- 
tion of crj'throid cells to myeloid cells, 
and an increase in the relative numbers 
of segmented neutrophils. It is probable, 
but not a certainty, that the sternal mar- 
row myelogram in these cases is represen- 
tative of marrow cellular patterns in other 
locations in the bodj', but this can be 
determined only by adequate simulta- 
neous examination of bone marrow from 
different locations in the body and remains 
a problem for further study. 

Since there is no satisfactory means of 
determining the total volume of the bone 
marrow in living subjects, a clinical diag- 
nosis of hj'perplasia of the bone marrow 
in polycythemia vera can be made only 
by the demonstration of variations in the 
cellular morphology of the marrow sug- 
gesting hyperactivity, or by the demon- 
stration of red bone marrow in locations 
where it does not normally appear in 
adults. The latter method is not clini- 
cally practical during the patient’s life- 
time. The marrow examination therefore 
seems to have diagnostic value in poly- 
cythemia vera only when the above-men- 
tioned pattern (b) exists. This pattern, 
however, occurs vath sufficient frequency 
to be of practical diagnostic value when 
present. 

In the polycythemia vera group of 
22 cases, 8 (Cases 1, 2, 4, 5, 9, 12, 14 and 
15) showed a pattern believed to be char- 
acteristic of polj'cythemia vera when 
present, consisting of values of nucleated 
red cells of 20 or more, reticulocyte counts 
of 2% or higher and myeloid-erythroid 
ratios of 3:1 or below. In 5 of these 
8 patients the nucleated red cell count 
per 100 white cells was above 40. In the 
remaining 14 cases of polycythemia vera, 

1 or more components of .the pattern were 


found in 9 cases as follows: nucleated red 
' cel! counts of 20 or more per 100 white cells 
were counted in 4, reticulocyte counts of 
2% or higher in 4, and myeloid-erythroid 
ratios below 3:1 in 2 instances. 

In the borderline group of 29 cases, no 
case ])resented the complete characferistic 
pattern, but nucleated red cel! counts of 
20 or more per 100 white cells counted 
were found in 8, reticulocytic counts of 
2 % or higher in 9, and myeloid-erythroid 
ratios of 3 : 1 or below in 6. In the control 
group of 50 cases, the complete pattern 
was found in 3 cases only, and in 1 of these 
the increased nucleated red cell count 
was attributed to an increase in normo- 
blasts rather than erythroblasts, the cause 
for which was not apparent. In 7 other 
control cases, nucleated red counts of 20 
or more per 100 white cells counted were 
found, but in only 2 of the 7 cases were 
counts exceeding 30 found. Reticulocyte 
counts of 2% or higher were found in 
7 control cases, and myloid-erytlrroid- 
ratios of 3:1 or below occurred in 4 in- 
stances. 

In individuals udth values for hemoglo- 
bin, erythrocytes and volume of packed 
cells above the normal range for healthy 
individuals and in whom causes of secon- 
dary erj-throcytosis can be excluded, the 
finding in the sternal marrow of a count 
of 20 or more nucleated red blood cells per 
100 white cells, principally consisting of 
erythroblasts, a reticuloe34:e count of 2% 
or higher, and an increased ratio of eryth- 
roid cells to myeloid cells (myeloid-erj’th- 
roid ratio of 3:1 or lower) should suggest 
a diagnosis of polycj'themia vera. The 
presence of an increased percentage of 
segmented neutrophils is also helpful in 
the diagnosis. It is to be stressed, how- 
ever, that the examination of the sternal 
marrow in polyc;yi:hemia vera is a useful 
diagnostic supplement only, and that these 
variations from normal are of value when 
supporting polycythemic changes found 
in the peripheral blood. 

Summary. 1, Comparative studies of 
marrow material obtained by sternal bone 
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marrow puncture in 22 cases of polycy- 
themia vera, 29 cases of suspected poly- 
cythemia, and 50 normal individuals were 
made in an effort to determine whether 
recognizable abnormalities in the sternal 
marrow were present or not. 

2. No significant differences were found 
in the total counts of nucleated cells or of 
white blood cells in the 3 groups. 

3. Significant increases in the average 
values of segmented neutrophils, nucleated 
red blood cells, particularly erythroblasts, 
and reticulocytes were found in the sternal 
marrow of the polycythemia vera group, 
as compared with the normal group, with 
intermediate increases in the group of 
borderline cases. 

4. The ratio of erythroid to myeloid 


cells was frequently increased in the poly- 
cythemia vera group. 

5. A diagnosis of polycythemia vera 
should be suggested by a sternal bone 
marrow cellular pattern in which the 
values of nucleated red cells, principally 
erythroblasts, exceeds 20 per 100 white 
blood cells counted, in which the value 
of reticulocytes exceeds 2 % and the value 
of myeloid-erythroid ratios is below 3:1 
in individuals wth values of hemoglobin, 
erythrocytes and volume of packed red 
cells above the upper limits of normal for 
healthy individuals and in whom causes 
of secondary erythrocytosis can be ex- 
cluded. Polycythemia vera may, however, 
exist with entirely normal bone marrow 
morphology. 


I wish to express my appreciation to Dr. O. C. Hansen-Pruss and the other members of the Hematol- 
ogy Laboratory, Duke Hospital, for their cooperation and help in this study. 
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Observations on tJie medicnl service 
of tlie Indiana University jMedical Center 
have led to the study of anemia and dia- 
phragmatic hernia. That anemia is a 
symptom of this clinical condition has 
been appreciated, but tiie relative fre- 
quency of this clinical finding has not 
until recently been known. The work of 
Murphy in 1942, reporting 47 cases of 
anemia in a series of 67 cases, a total of 
6G.7 %, stimulated the study of anemia in 
this series. 

Historical. The literature since 1920 
shows a gradually increasing number of 
articles referable to diapliragmatic hernia 
and anemia. The condition of diaphrag- 
matic hernia through the esophageal hiatus 
has become a clinical entity, and it is a 
frequent oiiservation that a secondary 
anemia or history of gastro-intestinal 
bleeding may occur in the course of a 
persistent or recurrent hiatus hernia. 
However, the frequency ndth which ane- 
mia is associated, or the percentage in 
which it is seen in reported series of dia- 
phragmatic hernia, has not until recently 
been the subject of clinical reports. 

In the Annals of Snrgertf in 1918, Wil- 
liam A. Downes- reported a case of a 
7 year old boy with a thoracic stomach 
who had a red blood count of 3.4 million 
and a hemoglobin of 65%. There were 
no remarlis concerning the anemia but, 
outside of the traumatic hernias associated 
with the war surgery, this case report is 
one of the first which mentioned the blood 
count in association with this condition. 
In the same journal, the next year, A. L. 
Soresi^® reported 3 cases, 2 traumatic, in 
soldiers, and 1 non-traumatic in a 19 year 
old girl. The statement concerning the 


girl w;is that her chief complaint was an 
anemia which was unexplained on the 
basis of visible blood loss. In the early 
1920’s, L. Frank® reported 1 case without 
a history of bleeding which showed a 
dimunition of red corpuscles and a hemo- 
globin of 17 %. No further statement was 
made concerning the anemia. Portis and 
Portis*® in 1920 reported 1 case of dia- 
phragmatic hernia and in the discussion 
of the case reported hematemesis was also 
a symptom of this condition. 

In 1929, E. P, Richardson*® reported 
anemia in 3 of tlie 5 cases operated, but 
we do not have the total number of cases 
which were used to choose those u'hich 
were operated upon. Segal,*® in 1931, 
reported 5 cases udth symptoms of anemia 
only, and 5 cases of gastro-intestina! symp- 
toms also, concluding that in the symp- 
tomless case of secondary anemia it is 
important to look for a diaphragmatic 
hernia, Weitzen,®* in 1932, reported the 
cases of severe anemia found in Harring- 
ton’s operated series of 30. In 1933, 
K. D. Gardner’ reported 22 preUousiy 
published and 6 preUousIy unpublished 
cases of diaphragmatic hernia with ane- 
mia. He stated that hernia was the 
primary factor in anemia in 8 cases and 
that true peptic ulcer was a complicating 
factor in 5. In the anemia of the other 
12 cases, he allows only the supposition 
that the anemia was caused by the hernia. 
Bock, Dulin and Brooke* in their 10 cases 
of hernia with anemia substantiated the 
hernia as the cause of the anemia by 
autopsy findings in 2, and operative find- 
ings in 3, 50%. Winans,“ in reporting 
the sjmdrome of kjqrhosis, gastric hernia 
and anemia, states that, from considera- 
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tion of his cases, gastric hernia must be 
listed and looked for as a cause of per- 
sistent hypochromic anemia. The French 
literature has several articles which refer 
to a form of diaphragmatic hernia spoken 
of as the anemic form. The number of 
instances of cases of anemia in diaphrag- 
matic hernia, with or without the history 
of bleeding, are reported but the incidence 
is not found. 

Clinical. The incidence of hiatus 
hernia has been variously reported in dif- 
ferent series as between 2.4 and 9% of 
routine series of Roentgen ray examina- 
tions of the gastro-intestinal tract. Har- 
rington found that in 5 % of 100 consecu- 
tive laporotomies he was able to palpate 
or to put 3 to 4 fingers into the hiatal 
aperture, and concluded that this per- 
centage could have a diaphragmatic her- 
nia. The condition occurs twice as fre- 
quently in females as in males, this being 
correlated in all of the series of cases 
reported. 

The etiology of hiatus hernia is a large 
aperture in the diaphragm which may be 
either congenital, traumatic or a poten- 
tially large aperture in one of the hiatal 
openings plus weakened musculature about 
the hiatus. Granting that traumatic and 
congenital hernise of the diaphragm are 
responsible for a part of the incidence of 
this disease, it has been shown more fre- 
quently in recent years that the greater 
percentage of cases of diaphragmatic her- 
nia occur because of a potentially large 
hiatal ring affected by weakened muscu- 
lature and nervous or pressure influences 
upon this potential opening. It is an es- 
tablished fact that persistent irritation of 
the vagus causing contraction and subse- 
quent shortening of the esophagus on a 
traction basis produces some of the small 
esophageal hiatus hemire, especially of the 
recurrent type, and that increased intra- 
abdominal pressure as pregnancy, consti- 
pation, adiposity, or external blows on the 
abdomen may cause a pulsion type of 
hiatus hernia. 

The etiology of anemia in diaphragmatic 
hernia is the loss of blood from the gastro- 


intestinal tract. In most cases, congestion 
or erosion of the gastric mucosa occurs 
proximal to the constricting ring of the 
hernia. Occasionally actual ulcers found 
in the mucosa of the herniated gut have 
been reported at postmortem, at operation 
and at gastroscopy. However, there seem 
to be as many cases of hernia without 
evidence of active bleeding as there are 
those which show the bleeding points. 
The French authors postulate the etiology 
of the anemia in the absence of actual 
bleeding points on the inability to absorb 
iron or on some change in the extrinsic 
factor responsible for a hypochromic ane- 
mia. Dyke and Dyas^ report extraordi- 
nary response to j iron therapy in their 
cases which would_,,be against Goodall and 
Hoyt’s assumption of bleeding from the 
gastric mucosa and more for Gardner’s 
obscure changes giving deficient absorp- 
tion of iron. Most of the literature from 
this country explains anemia in diaphrag- 
matic hernia on hemorrhage and asso- 
ciated ulcers or slow blood loss due to a 
congested mucous membrane. 

The clinical manifestations of diaphrag- 
matic hernia may be protean or absent. 
The symptoms and clinical picture depend 
upon the morbid anatomy in each case. 
The symptoms depend upon the degree 
and the disturbance of function of nearby 
organs. There maj’^ be thoracic, abdom- 
inal, or constitutional symptoms, the latter 
which are on the basis of anemia, and 
which are occasionally associated with the 
disease. The symptoms^ are intermittent 
and usually not progressive. The gastro- 
intestinal symptoms are often vague in 
early and middle life but become persistent 
in later life, as the relaxation in the mus- 
culature about the hiatal ring increases. 
Gastro-intestinal symptoms vary and may 
simulate ulcer, gall bladder disease, cardia 
spasm and other similar abdominal condi- 
tions. The thoracic s.^'mptoms, when they 
occur, are anginal in character and may 
simulate true angina pectoris. The angina 
occurs after meals or on exertion or on 
hung down with a full stomach. Dyspnea, 
perspiration, vertigo, bradycardia and ex- 
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trasystoles are other symptoms referable 
to the thoracic group of complaints. 

Considering the general symptoms of 
hiatus hernia, it is to be remembered that 
frequently this finding is incidental and 
not the cause of the patient’s illness. This 
was most strikingly shown by Harrington'® 
who reported cholecystitis, peptic ulcer, 
diverticulitis and carcinoma of the stom- 
ach or esophagus as associated conditions. 
However, he also reported that of the 
60 cases operated in his series between 
1925 and 1933, 29 had been treated for 
gall bladder disease wth 13 having had 
gall* bladder operations; 23 had been 
treated for stomach trouble; IS had been 
treated for ulcer; 7 had been treated for 
heart disease, 4 of whom had angina pec- 
toris; 7 had been treated for secondary 
anemia; 4 for intestinal obstruction and 
10 had been treated for esophageal ob- 
struction. The general symptoms of this 
disease are pressure in the epigastrium 
on eating, spasm in the esophagus causing 
retrosternal pain and easy vomiting which 
induces relief. Vague epigastric distress 
or substemal distress after a meal may 
radiate to the back or to the left shoulder. 
Heartburn and postprandial distress are 
severe and there may be pajn on lying 
down or on stooping. The epiphrenal 
syndrome of von Bergmann is quite char- 
acteristic of this disease; the fullness after 
a heavy meal and vomiting versus no 
trouble on the taking of small amounts 
of food should make one consider such a 
diagnosis. There may be gross hematem- 
esis and severe melena if bleeding is pres- 
ent and severe. The symptoms may occa- 
sionally be confused with a functional 
neurosis or the menopausal syndrome. 

History of hemorrhage from the stom- 
ach, though it is one of the less common 
symptoms> is one which deserves much con- 
sideration and evaluation. Not all of the 
cases of hernia have hemorrhage or hema- 
temesis as a symptom and not all of these 
are anemic, but, when hemorrhage is severe, 
exsanguination and shock may mean the 
immediate treatment of any bleeding pep- 
tic ulcer. With a history of hemorrhage, 


it is important to ascertain whether there 
is occult blood in the stool so that one can 
determine whether the anemia is due to 
tinrecognized bleeding. Eisen,^ in his re- 
view of the literature of esophageal hiatus 
hernia, states that secondary anemia asso- 
ciated with hematemesis or melena is 
occasionally present, but that the anemia 
may come on in intermittent attacks ami 
symptoms of the anemia ma}- be present 
at one period and absent at another time. 
Segal,'® in an article reporting secondary 
anemia associated with diaphragmatic 
hernia, stated that there were over 400 
articles on hiatus hernia in the literature 
but only approximately 10 which noted 
anemia as one of the symptoms or com- 
plications. Weakness, anorexia, pallor, ex- 
ertional dyspnea are usually the consti- 
tutional efl'cets produced by the secondary 
type of anemia seen in this hernia. The 
bleeding may be frank hematemesis or 
melena, or it may be insidious and found 
only by chemical analysis of the stool or 
gastric contents. Vdien anemia is present, 
it is important to rule out associated dis- 
orders in other parts of the gastro-in- 
testinal tract which may be of more 
importance than the hernia. Murphy” 
Avas the first to include or report cases of 
pernicious anemia in his series of dia- 
phragmatic hernia. No other mention in 
the literature is made of the pernicious 
anemia, all cases reported being of a 
secondary hypochromic type. He does 
state that the gastric analysis is not a 
reliable test in hemiae because the tube 
may not be completely swallowed into the 
stomach and no free gastric acidity found. 
Also, trauma in passing the stomach tube 
may give a false positive Gregerson test 
and give an incorrect interpretation of 
bleeding by this method. 

Reported Series. The reported series 
is a compilation of the cases which were 
found in the medical records of the Indiana 
University Medical Center coded as dia- 
phragmatic hernia. There were very few 
cases found in comparison to the reported 
incidence of this condition because it is 
believed the incidental finding of a hiatus 
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hernia escaped coding where there was a 
more important primary diagnosis. To 
include as many cases as possible, the files 
of the Roentgen ray Department were 
also inspected, and cases having films re- 
ported as showing a diaphragmatic hernia 
were also included in the series. A total 
of 41 cases are reported in which the 
evaluation of anemia was made. There 
were 27 females and 14 males, which is in 
accord with the accepted predominance 
of females over males. The ages ranged 
from 3 weeks to 75 years. There were 
3 cases under 5 years of age, 1 between 5 
and 10, 2 between 10 and 20, 1 between 
20 and 30, 3 between 30 and 40, 7 cases 
between 40 and 50, 8 between 50 and 60, 
9 between 60 and 70 and 7 over 70. The 
average age in this series was 50.3 years. 

Thirty of the cases showed herniation 
of the stomach alone, the other 11 cases 
having herniation of the stomach plus 
other abdominal viscera; colon, spleen, 
omentum, small intestine or combinations 
of the abdominal organs. 

Thirty-four of the cases showed the 
herniation tlu-ough the esophageal hiatus, 
2 were found to be herniation through the 
foramen of Morgagni and 5 were due to 
large defects in the posterior leaf of the 
left diaphragm communicating with the 
esophageal hiatus. 

Clinically, our cases have been divided 
into those patients who were admitted to 
the hospital for treatment of a known 
diaphragmatic hernia and those who were 
admitted for other causes where the hernia 
was an incidental finding or a secondary 
diagnosis. There were 28 cases admitted 
primarily for diaphragmatic hernia and 
13 cases achnitted for other causes. Be- 
cause the hospital is a state institution 
and accepts a large mimlicr of referred 
cases for specific therapy, there is a higher 
incidence of cases admitted primarily for 
diaphragmatic hernia than is reported by 
other authors. According to otlier work- 
ers. there should be a higher incidence of 
hiatus hernia found coincidentally with 
other disease or as an incidental finding 
in routine gastro-intcstinal work-njjs. 


In our series, the etiology was consid- 
ered to be a traumatic episode, auto acci- 
dent, causing a pulsion hernia in 3 pa- 
tients. The etiology in 4 patients was 
definitely congenital in origin, all occurring 
in young children. The other 34 cases 
could not be assigned a definite etiology 
from a survey of the records and must 
be assumed to be due to an enlarged hiatus 
ring with or -without weakened muscula- 
ture about the hiatal orifice. 

Thirty patients in the group under 
investigation had definite symptoms refer- 
able to the hiatus hernia. These were at 
times not the only symptoms complained 
of and sometimes not the most important, 
but in all of the 30 cases complaints refer- 
able to a diaphragmatic hernia were listed 
in the medical record. Eight patients had 
no symptoms referable to a defect in the 
diaphragm and the finding was only inci- 
dental during the period of hospitalization. 
Three cases were excluded in the evalua- 
tion of symptomatology because the 
history was discounted in the face of gen- 
eralized advanced carcinoma of the abdo- 
men. The hernia is found associated with 
many other clinical conditions and, in our 
series, pregnancy, gall bladder disease, 
asthma, hypothyroidism, peptic ulcer, 
hemorrhoids, coronary disease, fractured 
vertebim and von Recklinghausen’s dis- 
ease were some of the primary diseases 
mth the hernia as the associated condition. ’ 

Treatment of the diaphragmatic hernia 
was a medical management or no specific 
therapy in 22 of our cases; 19 were sub- 
jected to operative procedure, the surgical 
repair being complete in 9 and apparently 
successful. Tlu’ee other cases have had 
recurrences. In 6 cases it was impossible 
to make a satisfactory closure of the large 
defect in the diapliragm, and the hernia 
was still present postoperatively. There 
was 1 postoperati\-e mortality. 

Anemia in diaphragmatic hernia is ex- 
tremely variable and so statistics have 
been compiled in 2 categories to better 
evaluate a definite relationship or only an 
occasional association in this condition. 
Some authors have reported a history of 
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bleeding or known blood loss in their ser- 
ies of cases of esophageal hiatus hernia. 
Notable among these are Akerlund, Har- 
rington, Jones, Sahler and the Massachu- 
setts General Hospital series reported by 
Hapton and Sahler. Sahler and Hapton,*' 
in the American Journal of Roentgenology 
in 1943, compiled various statistics from 

Table 1. — Hjstowy of Bleediko 



Total 

Cases 

with 

% 

Authors 

cases 

bleeding 

showing 

reported 

history 

bleeding 

Akerlund 

. 04 

3 

4 7 

Harrington 

. 30 

S 

2G 0 

Hedblom 

. 307 

10 

2 5 

Mass. Gen. Hosp. 

. 221 

2S 

12. G 

Sahler 

0 

3 

33 3 

Jones, C. M.; 
Small 

. 91 

22 

24.0 

Large . 

. 37 

G 

IG 2 

I. V. Med. Center 

. 41 

8 

10 5 


the literature. They stated that Akerlund , 
in 64 cases, had 3 who vomited blood or 
had obvious bleeding and that this was 
the first correlation between hiatus hernia 
and bleeding. Hedblom,” in 1925, re- 
ported 19 cases from the Mayo Clinic 
series and collected 378 additional cases 
from the literature and, in describing the 
syndrome, mentioned that in the Mayo 
series, hematemesis was the most promi- 
nent symptom in 2 and in the cases col- 
lected from the literature, 8 complained of 
hematemesis. Boch, in 1929, was the first 
/American to emphasize gastro-intestinal 
hemorrhages and hiatus hernia. Harring- 
ton,® in 1930, reported 30 cases, 8 of which 
had hemorrhage from the stomach. Of 
91 cases with a small hernia, reported by 
Jones, 22 had a history of bleeding and, 
by the same author, 6 of 37 with large 
hernife had bleeding. Sahler I'eported 
3 cases of bleeding out of 9 hernire found 
in his 100 consecutive gastro-intestinal 
Roentgen ray series. The Massachusetts 
General Hospital series of 221 cases, be- 
tween 1930 and 1940, showed 12.6%, or 
28 having a bleeding history. In our 
series of 41 cases, 8 had a positive history 
of hematemesis or melena which is 19.5 % 
of the total group. 

The second category is those series of 
cases which report anemia per sc irrespec- 


tive of the history of bleeding or blood 
loss. Some patients have hematemesis 
and do not show an anemia; some patients 
have hematemesis and anemia and some 
patients have an anemia and no symptoms 
of blood loss. A group of the same investi- 
gators who were shown in the above group- 
ing are again listed as reporting the inci- 
dence of anemia. Though some of the 
series of cases were the same, the incidence 
of anemia here is different than the inci- 
dence of bleeding listed above. Ernstene,® 
Table 2. — Anemia in Diaphraoxutio Hehnia 


Author 

Total 
cases of 
hernia 

No. 

having 

anemia 

having 

anemia 

Harrington 

60 

7 

11.7 

Ernstine and McGurl 

59 

2 

3.4 

Levy and Dugan 

20 

1 

3 9 

Gilbert, Dey and Rail 

4S 

3 

6 3 

Held and Goldbloom 

13 

4 

30 8 

Murphy 

67 

47 

66.7 

Mass. Gen. Hosp. 

221 

27 

12.2 

I. U, Med. Center 

41 

11 

26.8 


in 1940, rewewed 59 cases of esophageal 
hiatus hernia and found 2 with hypo- 
chromic anemia. Levy and Duggan,'® ob- 
serving 26 cases, found only 1 with ane- 
mia. W. P. Murphy,'* in 1942, reported 
a series of 67 cases, each with a blood 
examination; 7 cases showed a macrocytic 
type of anemia and 40 showed a secondary 
anemia, which gave 66 % of his cases with 
a hemoglobin of less than 12 gm. or a red 
blood count of under 4 million. In Har- 
rington’s 60 operated cases between 1925 
and 1933, 7 (11.7%) had anemia. Gil- 
bert, Dey and Rail® had an anemia in 3 
of their 48 cases, and Held and Gold- 
bloom'® showed an anemia in 4 of their 
13 cases. The report of the Massachusetts 
General Hospital in its series of 221 cases 
was surveyed and 27 of that group had an 
anemia. In our own series there were 
11 patients who had an anemia and 30 
who had a normal blood count, which 
gave an incidence of anemia of 26.8 %. 

In attempting to evaluate the anemia 
in diaphragmatic hernia in our series of 
41 cases, we first had to set a standard 
which could be called a normal blood count 
for the locale from which this group of 
patients had come. It was found that 
males with a hemoglobin above 12 gm 
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and a red blood count of over 4 nnlbon 
^vould have to be considered norma . 1 oi 
the females, a hemoglobin above g™- 
and a red blood count above 3.0 mlhon 
was considered normal. From this stan- 
Ird ^ve evaluated the state of the blood in 
ou^ases and found that 30 of the papts 
Zi a normal blood count and or hemo- 
dlin The 11 cases n-hich shorved an 

anemia n-ere all secondary anemias some 
rnormochromic and some a hj-pochromie 
tvme. There was no evidence of a macro- 
cytic tjTie in any of the patients who had 

anemia. 

Tabi.e 3. — Summary of Cases of Anemia 


tew to iiiuke at, 
about treatineiit. 
was found that 
surgical repair I 
It is still presell 
2 postoperative t 
In those ease.s ti 
mia improved 
still present in 
temesis. The 
another paticii 
is reported tin 
matie hernia 
therapy.'® 


Case 

xL 36255 

xL 930S 
xL 64414 


Sex 

F 

F 

F 


xL 91661 F 

xL 95903 M 
xR 81550 F 

xL 103953 M 


Aee 

49 

Historj" 

of 

bleeding 

Pos. 

Tloentgen ray 
findings 

Much of cardia stom. 

Hgb. 

(gm.) 

9.5 

line 

3 00 

74 

59 

Neg. 

Ncg. 

Large hiatus hernia 
Small esoph. hiatus 
hernia 

10.5 

10.5 

2.96 

3.20 

57 

Pos. 

Thoracic stom. on r. 

7.6 

2.82 

54 

7 

Pos. 

Neg. 

Small diaph. hernia 
\ stomach in r. che.st 

11.0 

10.5 

3 43 

60 

Pos. 

Large diaph. hernia of 
cardia 

10 0 

3 08 


xL 74242 M 
xL 65359 F 59 FTeg. 

xR 88891 M 2 N'eJ?. 

xL 6.5702 F 4'< 


Large fliaph. hernia of 
cardia 

OVr-it. antrum stom. 

bowel in 1. thorax 
Herniation on absence 110 
of 1. leaf diaphragm 
.Storn.. colon, eplcen, 9,. 5 

in test. 


9 5 2.87 

9.0 3.93 


3.00 


In the 11 cases which showed anemia 
7 were females and 4 
of the patients had a 
hematemesis or melena anc - ' 

equallv ditlded betv.een males and te 
S:": The other 7 had had tc-rfed 
historc- of any ga.,trMntcstina\ hero 
rhasc or bleeding. There was " 
tion l,etween the' hernial conbroL, or ho 
sire of the hernia and whether ‘ pat'M 
were anemie; there were wtualls a, m-ro 
small .and large hernia; in the anrro. e . 
as among the 11 patients who i,re-,ent.d 

the anemia. . , 

Toongh the II c.a-es of a.ie.n.a .,r. 


Summary. A review of tbe din-u-ii 
entity diaphragmatic hernia, and the sec- 
ondary anemia which may tjc found vitl* 
it, has been presented. Forty-one more 
cases of hiatus hernia are listed. In tVii - 
series 11 patients showed a secondary 
anemia, a percentage of 26.8. This im-i 
flcnee of anemia is not as high as some 
reported scries, but is higher than a mjml 
her of other series. It tends to substanti- 
ate the fact that anemia in diaphragmatic 
hernia is often found as part of the disease 
and that it do&s not have to he associated 
-.vith a history of gastro-inte.stinal hleedii,.. 
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In clinical medicine "the case” begins 
with the onset of sickness and terminates 
when the patient is well again; in epidemi- 
ology “the case” begins when the patient 
receives the infectious agent and lasts as 
long as he is infectious. In certain dis- 
eases the clinical and epidemiologic cases 
may closely coincide but in many they 
are widely or even totally divergent. In 
some diseases the epidemiologic case be- 
gins long before and long outlasts the 
clinical case and in others the majority 
of infected and infectious individuals never 
have any sickness at all — subclinical infec- 
tion or healthy carriage.* Incubation peri- 
ods have been judged from intervals of 
time between adjacent cases or have been 
established from repeated observation of 
definite intervals elapsing between expo- 
sure to known sources of infection and the 
onset of disease. In many instances, they 
have been more precisely determined by 
deliberate or experimental inoculation 
with the disease agent. In general, incu- 
bation periods have been interpreted as 
representing the interval between exposure 
to infection and onset of disease. For 
example, from an earlier study of the 
intervals between multiple cases in famil- 
ies, it w^as concluded that in poliomyelitis 
“ the search for the source of the infection 
should be centered at about the 14th day 
before the onset of acute symptoms.”* It 
subsequently became clear that this con- 
clusion should be amended when it was 
found that the incubation period — and 
disease — was not always initiated at the 
time of exposure to the infectious agent 
but at times by some predisposing event 
having an effect on the host which initiated 
the infectious process in an individual 


already harboring the virus.® More pre- 
cisely, it may be said that “predisposing 
causes” may convert healthy carriage into 
incubation. A clear example is seen in 
bulbar poliomyelitis following tonsillec- 
tomy. In meningitis there are many indi- 
cations that incubation may be most often 
initiated by some “predisposing” factor 
in persons already carrying the organism. 

The mechanism involved in incubation 
periods is not known and since there are 
no signs or symptoms, it lends itself poorly 
to study. Yet, in some diseases its time 
factor is very precisely defined, in others 
this may vary within wide limits, and in 
some it may be definitely altered by cer- 
tain special circumstances, as, for e.xample, 
the prolonged incubation period under the 
protective influence of immune serum or 
other influences which “prepare” the host 
in the direction of resistance to inoculation 
with virus.2 

Prolongation op Incubation Periods. 
Sternberg ’ and Reed*^ reported an early 
and interesting example of prolonged incu- 
bation period. From ex^periments on the 
protective effect of vaccinia immune serum 
against vaccination in monkeys, they con- 
cluded that the appearance of lesions is 
retarded as long as “there is present in 
the system of the vaccinated animal cer- 
tain antitoxic substances contained in the 
serum, and that w'hen these substances 
have been eliminated from the body, the 
process proceeds to a successful though 
somewhat modified course of develop- 
ment.” Their protocols indicate that there 
was a retardation in appearance of the 
vaccinia reaction of about the same order 
as that in the other examples of prolonga- 
tion of incubation period to be cited. 
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In the conduct of neutralization tests 
in poliomj-elitis it has been observed that 
animals inoculated with mixtures of virus 
and non-immune serum cle^'clop the experi- 
mental disease — as do animals inoculated 
with virus alone — after an incubation 
period not exceeding 14 days. Inoculation 
with immune serum-virus mixtures usu- 
ally affords complete protection. Excep- 
tionally the disease develops after longer 
incubation periods (Aycock and Luther).' 
In the course of a study of various factors 
involved in the neutralization test, Schaf- 
fer and Muckenfuss*® reported data on 
the incubation periods in a large number 
of tests done with a single strain of polio- 
myelitis virus and the same pool of human 
convalescent serum. The average incuba- 
tion period following inoculation with 
virus and non-immune serum was S.3 days 
and with virus-immune serum 14.3 days 
— a prolongation of 72% (Chart 1). 


Sullivan in the laboratory of the John F. 
Enders* have kindly been made available. 
In titrations, usually in dilutions of -j-wff 
to -ghroi 7 -globuIin, average survival time 
of mice injected with dilutions of of 
globulin (81.9% succumbing), was 6.2 
days, and with y^-g- dilutions (with only 
4.5% succumbing), 8.7 days. Thus the 
prolongation of incubation period as a 
result of the protection of y-globulin was 
(within the range tested) 42% (Table 1 ). 

Duncan, Christian, Stokes, Rexer, Nich-, 
olson and Edgari* have observed prolonga- 
tion of the incubation period by the 
administration of y-globulin to patients 
already in the incubation period of hom- 
ologous serum jaundice. Their data com- 
prise 52 out of 4780 battle casualty pa- 
tients (with no history of jaundice) who 
had received blood or plasma or both at 
the time of injury and who developed 
hepatitis within 5 months, but after 



CiU.Bj' 1.— Poliomyelitis. Neutralization tests shotring incubation periods in animals inoculated 
with mixtures of virus and immune serum and mixtures of virus and normal monkey serum. Average 
prolongation with immune serum — S.3 days (72%).>‘ 


Data relating to the average survival 
time (incubation period in the sense that 
death of the inoculated animal is the 
“uniformly recognizable sign of the dis- 
ease”) in mice employed in neutralization 
tests with normal human y-globulin and 
influenza A tdrus PR 8 , by Miss Julia 


10 daj's from the date of administration 
of 7 -globulin. Of these patients 2406 re- 
ceived 7 -gIobulin; 29 developed hepatitis, 
the mean interx'al from the original trans- 
fusion to the development of hepatitis being 
103 days, and from administration of 7 - 
globulin, 53 days. Of the 2374 alternate 


* These studies were carried out by Dr. John F. Enders of the Department of Bacteriology of the 
Harvard Medical School, with T-globulin prepared by the Department of Physical Chemistrj', Harvard 
Medical School, from blood collected by the American Red Cross, under a contract recommended by 
the Committee on Medical Research and Development and Han-ard Hniversity. 
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patients used as controls, 23 developed 
hepatitis after a mean interval of 84 days 
from original transfusion and 34 days 
from the day on which they were paired 
with patients receiving y-globulin and 
designated as controls. (The average inter- 
vals between the time the 2 groups re- 
ceived blood or plasma and the time they 
were injected with globulin or designated 
as controls, were “ almost identical.”) 


guishable — in clinical manifestations, sev- 
erity, or mortality — from that following 
shorter incubation periods. This would 
indicate that the action of the immune 
serum is restricted to prevention of dis- 
ease entirely or to prolongation of incuba- 
tion. This is true in experimental polio- 
myelitis, apparently so in the 7-gIobulin 
influenza tests, as w’^ell as in homologous 
serum jaundice where 7-globulin was 


Table 1. — Prolongation of Incubation Period— Immunologic Protection: Normal 
7-G1.0BULIN Against Influenza A Virus PR 8 



Mice 

Mice 

% 

survival in 

Globulin dilution 

surviving 

dying 

dying 

mice djdng 

1-800 . . . 

... 58 

260 

81.9 

6.2 

1-400 . . . 

. . . 80 

232 

74.3 

7.1 

1-200 . . . 

. . . 203 

111 

35 3 

7.7 

1-100 . . . 

. . . 298 

14 

4.5 

8.7 


Thus, as concluded by these authors, 
the administration of a single dose of 
10 cc. of 7-globulin (on the average on 
the 50th day of an average incubation 
period in untreated controls of 84 days) 
retarded the onset of the acute phase of 
hepatitis by an average period of 19 days 
(23%). HoAvever, since 7-globulin was 
administered late in the incubation period, 
a more exact expression of the effect of 
7-globulin would be the degree of pro- 
longation of that part of the incubation 
period represented by the interval be- 
tween the date of administration of globu- 
lin and onset of the disease in controls — a 
prolonged “incubation” of 55% over 
that of the controls.''^ 

Prolongation of incubation periods does 
iiot appear to be a simple “coating of 
virus -with antibody,” whereby the onset 
of symptoms is delayed for a constant 
period. Prolongation by immune serum 
>s more nearly proportionate to the length 
of the incubation periods of the several 
diseases, or (in the case of homologous 
serum jaundice treated in mid-incubation 
period with 7-globulin) to that part of 
the incubation affected by immune serum. 
Thus, actual prolongations of 6, 2.5 and 
19 days in the 3 examples cited represent 
degrees of prolongation of 72%, 42% and 
00%. The disease ensuing after a pro- 
longed incubation is in no way distin- 


administered in the incubation period of 
the disease. In other wmrds, prolonged 
incubation period is the only effect pro- 
duced on disease resulting from inoculation 
of virus “partly neutralized” by immune 
serum. In this connection a comparison 
with modification of measles vdth immune 
serum would be of interest. 

Infectious Hepatitis and Homologous 
Serum Jaundice. The striking difference 
between infectious hepatitis and homolo- 
gous serum jaundice (in jaundice occurring 
spontaneously and following injection of 
human serum), and the main basis for the 
question of there being 2 separate entities, 
is the difference in incubation periods — 
striking in terms of time alone — but in 
proportion to the length of the incubation 
period, not greatly in excess of the pro- 
longation of incubation periods obtained 
in other diseases when virus is “partially 
neutralized” with immune serum. There 
are epidemiologic grounds for the assump- 
tion that icterogenic serum is derived from 
persons either in the incubation, acute or 
convalescent stage of infectious hepatitis 
or from persons subclinically infected with 
it. On the other hand, there are good 
epdiemiologic grounds for assuming that 
the Aurus causing homologous serum jaun- 
dice is not a different etiologic agent from 
that causing infectious hepatitis. For 
instance, there is no e%'idence for the 
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existence of a spontaneous disease caused 
by a homologous serum jaundice virus 
which could serve as the “virus reservoir” 
for homologous serum jaundice. Actually, 
it would seem to be somewhat of an 
anomaly to say that many persons harbor 
such a virus without its ever causing dis- 
ease in them and yet, when their blood 
serum is injected into others, the disease 
is readily produced. It would appear 
much more logical to infer that the “virus 
reservoir” for homologous serum jaundice 
is individuals who harbor the virus of 
infectious hepatitis— one evidence of which 
is the occurrence of the spontaneous dis- 
ease in them, and another that blood serum 
from them produce a disease indistinguish- 
able from homologous serum jaundice 
when inoculated into others— even as to 
incubation period. 

In this paper, the possible relationship 
of prolonged incubation resulting from 
inoculation of virus in the presence of 
immune serum to the epidemiology of 
infectious hepatitis and homologous serum 
jaundice ;vill be discussed. 

The question is raised whether the 
shorter incubation in infectious hepatitis 
and the longer incubation in homologous 
serum jaundice may not be the result of 
infection, on the one hand by virus free 
of admixture with serum, and on the other 
hand, by the same virus partially neutra- 
lized by admixture with serum of donor, 
recipient, or both. To shed some light 
on this question, data have been collected 
from the literature on both infectious 
hepatitis and homologous serum jaundice 
where incubation periods are given in cases 
following inoculation (or infection) under 
circumstances which imply either serum- 
\drus mixtures or serum-free virus. 

The first category comprises cases of 
both infectious hepatitis and homologous 
serum jaundice known to have been trans- 
mitted by virus supposedly free of admix- 
ture with serum; and the second, cases of 
both diseases in which transmission was 
accomplished with parenteral injection of 
serum in which virus was present. Among 
the former are experimental transmissions 


of each disease to volunteers by intranasa! 
or oral administration of nasal washings 
or feces, and cases contracted from cases 
of the same disease by direct contact. The 
latter comprise only cases of both diseases 
from whom the disease was transmitted 
to others by parenteral injection of blood 
or serum. Cases of homologous serum 
jaundice in the usual sense — contracted 
following inoculation of serum or plasma 
from supposedly normal individuals (or 
of unknown origin) — are not included. 

For comparison of the different categor- 
ies of cases from the point of view of pro- 
longation of incubation periods, the data 
are restricted to instances where the type 
of disease from which the infectious agent 
was obtained, the manner by which it was 
transmitted, and incubation periods, were 
known. This requirement limits many of 
the observations used to transmission ex- 
periments and, because of the fact that 
only human volunteers can be used, these 

are not numerous.®"”, 16 - 18 . 20 . 52 . 23 . 85 - 34 . 38, 39 

Even though the numbers are small, how- 
ever, there is a consistency in the results 
of the comparisons which suggests that the 
findings are valid. 

Of 82 cases of infectious hepatitis, in 
60 the disease is known to have been 
transmitted intranasally, orally, or by 
contact, with an average incubation period 
of 28.4 days; while in 22 cases in which 
transmission was by the parenteral injec- 
tion of serum from other cases of infectious 
hepatitis, the average incubation period 
was 61.6 days— a prolongation of 116%. 

Of 17 cases of homologous serum jaundice, 
in 10 transmission was by intranasal or 
oral administration of material from cases 
diagnosed as homologous serum jaundice, 
with an average incubation period of 
46.1 days; while in 7 cases following par- 
enteral injection, it was 87.8 days— a pro- 
longation of 90.4%. (Incubation periods 
by weeks are shown in Chart 2.) It may 
be stated that in 3 of the cases of homolo- 
gous serum jaundice used here, transmis- 
sion occurred by contact under circum- 
stances where the presence of infectious 
hepatitis could be satisfactorily ruled out. 
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The incubation periods of 38, 43 and 49 
days are the longest possible incubation 
periods, but the circumstances are such 
that they all might have been shorter. In ^ 
both infectious hepatitis and hoinologous 
serum jaundice where transmission was 
accomplished by intranasal, oral or con- 
tact infection, the incubation periods 
tended to be that which is generally recog- 
nized as that of infectious hepatitis. 
When either disease was transmitted by 
parenteral injection of serum from the 
same type of case, the incubation period 


eases. Prolonged incubation period re- 
sulting from admixture of virus with 
serum containing antibodies is suggested 
as a probable explanation for the longer 
incubation period in homologous serum 
jaundice.* The degree of prolongation 
of incubation period, as between infectious 
hepatitis and homologous serum jaundice, 
is greater than that observed in any of 
the other examples of prolonged incuba- 
tion periods induced by admixture of virus 
with immune serum. In all these, how- 
ever, prolongation was induced either by 



HOMOLOGOUS SERUM JAUNDICE 
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mcUBATION PERIOD IN WEEKS 

Ghaut 2.— Infectious fiepatitis and homologous serum jaundice. Incubation periods followinu 

rdrafnarenterallv” material enterally, and inoculation of serum containing 

irus parenterallj . Prolongation incubation periods uath parenteral serum of 116% and 90.4%. 

was that which is regarded as character- in vitro mixture of virus and serum or 
istic of homologous serum jaundice (fol- injection of .drus into hosts protected bv 
lowing injection of supposedly normal immune serum. That prolongation in in- 
seruin . ^ cubation period may be additive depend- 

It thus appears^ that the difference in ing in part on antibodies at the source 
le incubation periods of infectious hepat- of virus (in the serum of the donor natientl 

IS and homologous serum iaundice mitrLt 


the 


- V,. iiiicutiuus, nepat- ot virus ^m the serum of the donor natient'l 

^ ent host, is suggested by the observation 

inakc a precise anab-s^ of thTpoSibiUtv^t^at sufficient information to 

of retarded recognition resulti^ from modifilatLn of the dv ^ incubation periods” may be the result 
reports, however, does not give any indication that the thresh old 

.are different. i"® thresholds of recognition of the 2 types of cases 
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cited that when indiviiiuais in the already hepatitis and homologous serum jaundice 
prolonged incubation period of homolo- combined, where the \arus used was ob- 
gous serum jaundice are injected with 7 - tained from nasal washings or feces, or 
globulin, the incubation period is still ^ where the disease was naturally trans- 
further prolonged. Fox*® observed wide mitted by contact, intranasal or oral 
variation in the frequency of icterus fol- inoculation of serum-free virus, the aver- 
lonung yellow fever vaccination, with age incubation period was 29.9 days. In 
knowm icterogenic lots of the vaccine in 8 cases where blood serum from the donor 



Chart 3. — Homologous serum jaundice and infectious hepatitis. Incubation periods intranasal or 
oral inoculation with serum-free virus as compared with intranasal or oral inoculation of serum con- 
taining virus. Prolongation with serum containing %irus of 29.7%. 


Table 2.— Incubation Periods in Neutralization Tests and i.n Certain Categories 
or Cases of Ineectious Hepatitis and Hojiolooous Seru.ii Jau.vdice— 
Shovtng Degree of Pbolong.ation Associated With Serum 



Average days 
incubation 

% 

Materials used 

period 

prolongation 

Poliomyelitis: 

Normal monkey senim 

. S.3 


Human convalescent 

. 14 3 

72.2 

Influenza: 

Tnn 7-gIobulin 

6.2 


105 7 -globulin 

S 7 

40 3 

Homologous serum jaundice: 

Controls 

. . 1 


7 -globulin 

. .52, S 

54.8 

Infectious hepatitis; 

Nasal washings, feces, or serum—enteraib’ 

, 2S.4 


Serum — parenterally 

. 61 6 

116 9 

Homologous serum jaundice: 

Nasal washings, feces, or serum— enterally 

. 46,1 


Serum — parenterally 

87,. S 

90.4 

Infectious hepatitis and homologous serum iaundice: 

Nasal washings or feces — enterally 

. 29 9 


Serum — enterally 

, 3S.8 

29.7 


similarlj' vaccinated localities, and in 
households within these localities. One 
possible explanation for this was preexist- 
ing immunity to the icterogenic agent con- 
tained in the vaccine, presumably result- 
ing from pretdous infection with infectious 
hepatitis. In this connection, it is of 
interest that in 62 cases of infectious 


patient was employed for intraliasal or 
oral administration, the average incuba- 
tion period was 38.8 days — a prolongation 
of 29.7 % (Chart 3). There would, there 
fore, seem to be a possibility that ad- 
mixture of serum from the donor patient 
(presumably containing antibodies) might 
account in part for the prolongation of 
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incubatioTi periods in homologous serum 
jaundice over that of infectious hepatitis. 

Comparisons of incubation periods with 
the degree of prolongation in all the differ- 
ent categories used in this study aie 
summarized in Table 2. It may be of 
some interest to note here that when 
known non-immune animals were injected 
with supposedly serum-free virus mixed 
with known immune serum (poliomyelitis 
neutralization), the degree of prolongation 
was 72%. In infectious hepatitis and 
Immologous serum jaundice, the degree of 
]-rolongation in cases where the virus was 


AS AN EPIDEMIOLOf^IC PRINCIPLE 

persons), there may be no admixtuie of 
virus with antibodies in either. 

The question of there being separate 
etiologic agents, apparently raised in the 
first place on the basis of the difference in 
incubation periods, had led to studies 
looking for other differences. Some are 
contradictory; others are based on small 
series of observations, and in still others 
the conclusion that there are 2 etiologic 
agents appears to be a inatter of inter- 
pretation. 

The chief differences in the 2 types of 
jaundice which have been emphasized, 


Poliomyelitis Neutralization Tests; 

Virus and non-immune serum in vitro - — ' 

Virus and immune serum ... ' * 

72% 


Infectious hepatitis; 
No serum 


Experimental transmission; 

Virus dnd serum of donor . ^ - 

Homologous serum jaundice in general . ' — 


X 


I 

2 !)% 

_U 


29% 


72% 


101% prolongation over 
infectious hepatitis 


Length of incubation period (with prolongations in percentages) . 


( ftA.nT 4. Theoretical explanation of prolongation of incubation period of homologous serum jaundice 

over infectious hepatitis. 


couttiiued in serum from the donor was 
•29.7 % more than in cases where the source 
of \ irus was presumably serum free (nasal 
washings or feces). If these 2 prolonga- 
tions, namely, in poliomyelitis neutraliza- 
tion (72%) and virus hepatitis (29%), 
are added, they closely approach the pro- 
longation of incubation period in homolo- 
gons serum jaundice, in general, over that 
of infections hepatitis (101%) (Chart 4). 
Tins would suggest that there may be 
antiliodics both in the serum of the donor 
and recipient patients in homologous 
serum jaundice; wliile in naturally occur- 
ring infections hepatitis (in non-immune 


are differences in clinical manifestations, 
lack of cross-immunity, and the absence 
of contagiousness in homologous serum 
jaundice. The voluminous literature on 
these 3 points will not be reviewed here, 
but it may be pointed out that the weight 
of opinion seems to be that the 2 types of 
jaundice are clinically and pathologically 
identical. The observation of such mani- 
festations as arthritis and skin rashes, re- 
ported ^ as characteristic of homologous 
serum jaundice, has likeudse been reported 
m infectious hepatitis; and, in general, it 
may be said that no clinical manifestations 
as yet have been established as pathog- 
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nomonic of either of the 2 types of jaun- 
dice.-^ 

Knowledge of immunity in the 2 types 
of icterus is extremely limited because of 
the fact that observations have been con- 
fined to human studies. We believe that 
there is not, yet sufficient information to 
establish the 2 diseases as being due to 
immunologically distinct agents. Too few 
immunologic studies have been done to 
rule out the possibility that lack of cross- 
immunity may be due to different strains 
of the same vims which will produce 
either infectious hepatitis or homologous 
serum jaundice. The possibility that the 
same lack of cross-immunity may be en- 
countered in different outbreaks of either 
disease has not been excluded. It may be 
pointed out that cross-immunity, as has 
been discussed in a previous paper in rela- 
tion to bacteria,^ while serving to dis- 
tinguish particular strains of the same 
organism, is not necessarily a criterion for 
etiologic specificity. 

Many authors have stressed as a differ- 
ence betw'een the 2 diseases that homolo- 
gous serum jaundice does not give rise 
to naturally occurring secondary cases. 
There is some question as to whether this 
point has yet been adequately studied. 
As has already been stated, "the search 
for the source of infection should be cen- 
tered at a time preceding onset of symp- 
toms by the length of the incubation per- 
iod.” With the existing conviction as to 
a difference in the incubation periods of 
the 2 types of hepatitis, it is not unlikely 
that secondary cases of homologous serum 
jaundice would be sought for at a longer 
interval and that cases actually occurring 
after a shorter interval following exposure 
to previous cases might well have been 
designated as infectious hepatitis and 
assigned, not to a relatively recent expo- 
sure to other cases of homologous semm 
jaundice, but to some supposed exposure 
to infectious hepatitis. It is trae that 
relatively few cases of long incubation 
period infectious hepatitis and short incu- 
bation period homologous semm jaundice 
have been recorded. This might be ac- 


counted for in part by the use of incuba- 
tion periods as the basis of differential 
diagnosis in many cases of otherwise in- 
distinguishable jaundice. Finally, it is 
possible that, there may be an actual dif- 
ference in contagiousness. In infectious 
hepatitis, the infectious agent entering 
through the mouth or nose might be con- 
tagious for example, throughout its incu- 
bation period; while in homologous semm 
jaundice, the vims, due to the manner of 
inoculation, might not appear on external 
surfaces of the body until later or not at all. 

Findlay and MacCallum,'® in 1938, had 
suggested that jaundice following yellow 
fever vaccination was caused by virus in 
semm (used in preparation of the vaccine) 
obtained from apparently healthy persons 
who were in reality suffering from sub- 
clinical or very mild infectious hepatitis. 
Shank and Mirick^ have observed an out- 
break of ictems which is in support of 
this early opinion and at the same time 
weU illustrates all the epidemiologic points 
presented in this paper. Following the 
injection of some 750 individuals mth 
diluted human plasma, 267 cases of jaun- 
dice occurred. The average interval be- 
tween the injection of plasma and the 
development of symptoms was about 
70 days. In an equal number of persons 
working in the same establishment who 
did not receive plasma, 14 verified and 
probably 8 other cases of spontaneous 
jaundice occurred late in the outbreak. 
The average interval between the date 
of inoculation of plasma and the develop- 
ment of jaundice in the uninoculated or 
"control” group was about 100 days. No 
cases of spontaneous jaundice had occurred 
in the group during the preceding 3 years. 
Thus, the average interval between the 
primary cases (following inoculation with 
with plasma) and the secondary cases in 
the uninoculated group was about 30 days 
— a period coinciding with the incubation 
period of infectious hepatitis. 

In institutional outbreaks of measles and 
German measles preriously reported,*-® in 
each within a period of 8 weeks the pri- 
mary case and 4 secondary waves of 
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measles occurred and in German measles 
the primary case and 2 secondary waves 
occurred. The average interval between 
waves in measles was 11.2 days and be- 
tween waves in the German measles out- 
break, 18.6 days. In these 2 frequently 
confused diseases the intervals between 
waves of cases in institutional outbreaks 
are a distinguishing feature. 

It would therefore appear, by analogy 
somewhat in reverse, that in the outbreak 
of jaundice observed by Shank and Mirick 
the cases in the secondary wave (sponta- 
neously occurring jaundice) correspond to 
the usual definition of infectious hepatitis. 
But since the source of infection for this 
wave of cases apparently was a preceding 
wave of cases of homologous serum jaun- 
dice, it is indicated that the long incuba- 
tion period resulted from parenteral injec- 
tion of serum and the short incubation 
from spontaneous infection presumably 
with serum-free virus by contact. 

Summary and Conclusions. In neutra- 
lization and protection tests in a number 
of virus infections having different incuba- 
tion periods, a portion of the animals 
inoculated wth mixtures of virus and im- 
mune serum develop the disease following 
incubation periods that are longer than 
those resulting from inoculation with ^drus 
and non-immune serum. Prolongation is 
proportionate to the length of the incuba- 
tion periods of each of the several diseases. 
The degree of prolongation of the incuba- 
tion period of homologous serum jaundice 
over that of infectious hepatitis is of the 
order of that observed in other neutraliza- 
tion or protection tests. 


In the light of this epidemiologic prin- 
ciple, it is suggested that the difference in 
the incubation periods of infectious hepat- 
itis and homologous serum jaundice is due 
to differences in the manner of transmis- 
sion of a single virus which involve ad- 
mixture of virus with antibodies. 

The shorter incubation period, generally 
regarded as characteristic of infectious 
hepatitis, occurs when transmission of 
either of the 2 types of jaundice is ac- 
complished by intranasal or oral adminis- 
tration, or by contact (serum-free virus). 
The longer incubation period, regarded as 
characteristic of homologous serum jaun- 
dice, follows the transmission of either of 
the types of jaundice by the injection of 
serum containing virus. It is postulated 
that the prolongation of the incubation 
period of homologous serum jaundice over 
that of infectious hepatitis is the result 
of partial neutralization of the virus by 
admixture with serum containing anti- 
bodies of either the donor or recipient 
patient or by the in vitro action of serum 
containing antibodies on the virus. 

The establishment of naturally occur- 
ring infectious hepatitis as the “virus 
reservoir” for homologous serum jaundice 
would serve to emphasize the extent ^of 
this “reservoir” and the importance of 
the study of methods for insuring steril- 
ity, This leads to the suggestion that, 
until a method of insuring sterility is 
found, in the administration of serum- 
containing products these dangers are 
always present; consequently the indica- 
tions for their use must be important. 
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A NEW' compound, caronamide,^®t 
been described as orally effective to ele- 
vate the plasma concentrations of penic- 
illin. Large losses of penicillin in the urine 
are known to occur, and since it is now 
established that approximately 80% of 
the loss is through the renal tubules,® 
an agent capable of inhibiting the tubular 
excretion of penicillin might be expected 
to enhance the levels of penicillin in the 
plasma. These effects have been observed 
to follow the administration of diodrast,®* 
para-aminohippuric acid^’^'® and benzoic 
acid.'®'®® Diodrast and para-aminohip- 
puric acid have been employed in the 
treatment of subacute bacterial endo- 
carditis,'-'®'®®'®^ but the necessity of ad- 
ministering large amounts of either sub- 
stance by constant intravenous infusion 
has limited their usefulness. 

It has been hypothesized that the 
physiologic and reversible inhibition of 
the penicillin transport mechanism is due 
to a “substrate competition between pen- 
icillin w-hich is excreted by the tubules, 
and 4'-carboxy-phenylmethanesulfonanil- 
ide, which is essentially refractory to ex- 
cretion by the transport mechanism.”® 

In preliminary clinical investigations,'® 


penicillin plasma concentrations ivere en- 
hanced from 3 to 7 fold by the oral admin- 
istration of caronamide, and no serious 
toxic manifestations w'ere observed. Ac- 
cordingly, we felt justified in applying 
caronamide to the treatment of a patient 
with subacute bacterial endocarditis due 
to a strain of StrejJtococcKS viridans resis- 
tant to penicillin and to streptomycin. 

Case Abstract. The patient, M. C., was 
a w'hite female aged 51 years. The diagnosis 
of subacute bacterial endocarditis w'as estab- 
lished on Aug. 1, 1946, at which time the 
blood culture was positive and the heart 
murmurs were observed to have changed in 
character. 

As shown in Table 1, the patient had 
received 4 courses of antibiotic therapy, 2 
of penicillin and 2 of streptomycin prior to 
this study. The first course totalling 
14,400,000 units of penicillin was given over 
a period of 29 days administered by intra- 
muscular injection everj^ 3 hours in a daily 
dose of 540,000 units. Following this course 
of therapy, the blood culture became nega- 
tive but signs of relapse w’ere observed on 
October 14, and blood cultures remained 
positive until the second course of penicillin 
therapy began on October 29. A daily dose 
of 753, 000 units of penicillin was given for 


* The major portion of this paper was presented before the American Societv for Clinical Investica- 
tiou, Atlantic City, N, J,, May 5, 1947. 

The penidllin used in this investigation was supplied through the court c.<-t of Charle.« Pfizer & Co., Inc. 
Caroncmide w.as supplied through the courtesy of Sharp & Dohme, Inc. 

t Since we have had the benefit of knowing by personal communication about many of the investi- 
unpublis^rod'drtT"”'’'' Bibliography contains a number'of reference.- to 
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50 days, the total amount being 37,500,000 
units. Penicillin was administered by intra- 
muscular injection every 2 hours. Again 
the blood cultures became negative and the 
disease appeared to be in remission but re- 
newed activity of the disease and a positive 
blood culture appeared on Dec. 31, 1946. 
The original sensitivity of the strain of S/rep- 
lococcus viridans was 0.03 unit of penicillin 
per cc., but under therapy this decreased to 
0.5 unit per cc. Accordingly, a change to 
streptomycin was made on January 13. A 
daily dose of 3 gm. was given by intermittent 
intramuscular injections every 4 hours. 
Treatment was continued for 15 days and a 
total of 45 gm. of streptomycin was admin- 
istered. ISTien streptomycin therapy was 
initiated, the organism was sensitive to 
0.5 unit per cc. but after treatment 5 units 


mide as an adjunct to intensive penicillin 
therapy. In Chart 1 the details of this 
patient’s fifth course of antibiotic therapy 
are presented. The record of rectal tem- 
peratures suggests the severity of the ill- 
ness under treatment; weight loss, ano- 
rexia and asthenia paralleled the febrile 
course. During this course a daily dose 
of 4,000,000 units of penicillin was chosen 
arbitrarily and administered intramuscu- 
larly in divided doses of 500,000 units 
dissolved in 2 cc. of sterile saline. Treat- 
ment was continued for 28 days. During 
this time repeated dose response curves 
were defined following individual injec- 
tions of 500,000 units of penicillin. An 
effort was made to determine the curve at 


Tabi/E 1. — SENsinvirr Tests on M. C. 

IF — Rheum. HI. Dts. and Suhac- Bad. Endoc. {Slrep. viridans) 


Dates 

Blood 

culture*? 

Penicillin 

YeUoiv G X 

Streptom.vcin 

1946 

Aug. 1 

Bos. 

No tests 


Oct. 26 

Pos, 

Course 1—14,400,000 u. of Penicillin 

0 .03 u./co. 


Deo. 31 

Pos. 

Course If — 87,500,000 n. of Penicillin 

0.50 u./cc. 


1947 

./an. 2 

Pos. 

0. SO u./cc. 

0 0 u./cc. 

Feb. 1 

Pos. 

Course II J — 40 Gm. of Streptomycin 

1.00 u./cc. 1 0 u./cc. 

5 0 u./cc. 

Feb. 10 

Pos. 

Course IV — 34 Gm. of Slreptomycin 

0 50 u./cc. 0 5 u./cc. 0 5 u./cc. 

10,000 u./cc. 


per cc. were needed to inhibit growth. A 
second course of 24 gm. of streptomycin 
was given over a period of 8 days. At the 
conclusion of the fourth course of treatment 
and the second course of streptom 3 ’^cin, the 
organism was found to have increased its 
resistance to streptomycin by 20,000 fold, 
10,000 units per cc. being required to inhibit 
growth and the organism was resistant to 
0.5 unit per cc. of amorphous penicillin and 
fraction G and X. Alter 4 courses of tr^t- 
ment the blood cultures remained positive 
and the bacterial endocarditis was active as 
indicated by fever, embolic phenomena and 
a deterioration of the general state of health. 

Since the resistance of the infecting 
organism in this instance appeared to 
require high penicillin plasma concentra- 
tions, it seemed justifiable to use carona- 


the same time of day (between 9 a.m. and 
12 noon) in order that the relationship 
to meals, fluid intake and diurnal changes 
in temperature would be comparable. 
Caronamide was administered for 25 days, 
the daily dose varying from 12 to 24 gm. 
The drug was administered orallj' at 3 
hourly inten^als and penicillin was injected 
sunultaneouslJ^ 

Inasmuch as a pharmacologically' active 
compound was being administered for the 
purpose of temporarily inhibiting a func- 
tion of the renal tubules, an effort was 
made to determine whether or not there 
was any interference with renal function 
as indicated by the elimination of blood 
urea nitrogen, creatinine and uric acid. 
Weekly determinations during the SO day 
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period of observations showed no change 
in the values of these substances in the 
blood (Chart 1). 

The skin rash which appeared on the 
16th day of therapy was a generalized, 
morbilliform rash of the type commonly 
seen in association with drug sensitivity. 
Since we were employing a new, relatively 
untried compound, caronamide was im- 
mediately suspected of being the cause of 
this rash. Our dermatologic consultants, 
however, regarded it as similar to those 
commonly encountered during penicillin 


excretion of “benadryl” were unavailing. 
The excitation of the patient apparently 
produced by the administration of “ bena- 
dryl” led to the speculation that carona- 
mide might be inhibiting the excretion of 
this compound. 

On the 22nd day of continuous penicillin 
therapy, a sufficient supply of crystalline 
penicillin G became available and there- 
after this type of penicillin was used ex- 
clusively. The skin rash faded despite 
continued treatment with penicillin and 
caronamide so that on the 28th day of 



CliAUT 1. — Penicillin — curoininiide antibiotic therapy (Cjiir-;!' .5) . 


therjipy. It was recommended that crys- 
talline penicillin G be substituted for ordi- 
nary amorphous (yellow) penicillin. The 
supply of crystalline penicillin G on hand 
did not permit this change. Treatment 
with amorphous (yellow) penicillin and 
caronamide was continued, and “bena- 
dryl ” was administered. 

Contrary to common experience, “ bena- 
dryl” appeared to cause excitation and 
was therefore discontinued. “Pyribenza- 
mine” was better tolerated. Our efforts 
to learn something concerning the renal 


treatment, the patient’s skin was clear. 
Our reason for belie^^ng that this skin 
rash was due to an impurity present in 
the ordinary amorphous (yellow) penic- 
illin will be referred to later. There seems 
to be little doubt that the secondary tem- 
perature rise reflected the appearance of 
drug sensitivity rather than reactivation 
of tlie bacterial endocarditis. On the 9th 
day of this course of treatment the blood 
cultures became negative and remained so. 

The dose response curves indicated in 
Chart 1 are presented in detail in Chart 2. 
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Quantitative urinary collections were 
made while the above curves were de- 
scribed and in both of the control periods 
more than 100% of the injected dose of 
penicillin was recovered in the urine. The 
urinary recoveries of penicillin during 
therapy with caronamide averaged 61%. 
It might be expected that, if caronamide 
blocks the excretion of penicillin by the 
renal tubules, the elevation of plasma 
concentration of penicillin might be re- 
flected in a temporarily reduced amount 
of penicillin in the urine. The findings 


ously and the correlation between the con- 
centrations of caronamide in the plasma 
and the enhancing effect upon the plasma 
concentration of penicillin is apparent. 

Although the patient showed no clinical 
or laboratory evidence of relapse, another 
course of antibiotic therapy was given to 
insure against reactivation of a possible 
latent infection. The sixth course of anti- 
biotic therapy (Chart 3) began 1 week 
after the termination of Course V. One 
million units of penicillin were given daily 
for 25 days and crystalline penicillin G 


DAYS Of THERAPY 
WITH 1,000 000 U/OAY 


PENICIUIN DOSE 
RESPONSE CURVES 


3 5 7 

l.j i 


3 11 13 15 17 19 21 23 25 27 

U. I I t t , < I l_-t . I J , t 


(f) 6 b 


COHTIKUOUS PEHICILIIH IHERAPV I.OOO.OOO UNITS PER DAY 



Ciiaht 3. — ^Penicillin — caronamide antibiotic therapy (Course 6). 


on the days when plasma levels of penic- 
illin were increased and recoveries in the 
urine reduced are compatible with this 
expectation. On the other hand, on the 
Sth and 24th daj's (Chart 2) the recovery 
of penicillin in the urine was below the 
expected j)ercentage, and at the same time 
the plasma concentrations of penicillin 
were not enhanced. At the present time 
wc are unable to e.xplain this apparent 
discrepancy. 

Caronamide and penicillin plasma con- 
centrations were determined simultane- 

voi_ 214, no. 5 — sovr.itr<i3i. 1947 


was used throughout. Intermittent intra- 
muscular injections of 125,000 units xvere 
given every 3 hours. Caronamide in doses 
of 3 gm. every 3 hours was given for a 
period of 8 days. Thereafter, for an addi- 
tional 4 days caronamide was given in a 
dose of 16 gm. per day, or 2 gm. every 
3 hours. Despite the concomitant admin- 
istration of penicillin G and caronamide, 
no skin rash appeared. For this reason 
we are inclined to feel that the skin rash 
prexnously noted was probably due to an 
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impurity in the amorphous (yellow) pen- 
icillin. 

Following the 8 days of caronamide 
therapy at the level of 24 gm. per day the 
blood urea nitrogen rose slightly from its 
previous level; the urea clearance fell to 
23 % and cellular elements were present in 
the urine. Within 10 days after discon- 
tinuance of caronamide the blood- urea 
nitrogen returned to the previous level of 
7 nag. per 100 cc., the urea clearance rose 
to 70% and microscopic e-xamination of 
the urine showed disappearance of both 
red and white blood cells. The rectal tem- 


lo minutes, and at the end of 3 hours was 
still 5.42 units per cc. On a smaller dose 
of caronamide, 2 gm. every 3 hours, the 
plasma concentration of penicillin at the 
end of 15 minutes was 8.23 units per cc. 
and at the end of 3 hours was still 2.4.5 
units per cc. The postcaronamide control 
curve compared favorably with the pre- 
caronamide curve; at 15 minutes the 
plasma concentration was 4.11 units per 
cc. and at 3 hours, 0.17 unit per cc. 

Although the enhancing effect of carona- 
mide upon the plasma concentrations of 
penicillin was not apparent in every dose 



(monm'tol deoronce) 


C, I. f 16 W C«nvol«cen» from Pntvm»nto 

CiiAiiT J.— Penicillin dose response enrves {ollowinc intrnmvisculnr doses of .jdO.OlHI iiniC 


peratures during this course of antibiotic 
therapy were in sharp contrast to those 
during Course V, and this normal tempera- 
ture record paralleled the patient’s general 
improvement. 

During Cciuse VI both control and caro- 
namide modified dose response curves were 
obtained as before. In tlie precaronamide 
control curve at 15 minutes the plasma 
concentration of penicillin Avas 4.19 units 
per'i'cc. and at the end of 3 hours, onlj 
0.25 unit per. cc. IWien caronamide AA'as 
administered in a dose of 3 gm. evep' 
3 hours, the concentration of penicillin in 
the plasma aa'us 14. <7 units per cc. at 


response curve, the results were sufficiently 
.striking to indicate the fic.sirability of 
studying a control patient (Chart 4) to 
determine whether the results were due to 
a unique patient situation. 

Control Case. Patient C. T., a IG year 
old white girl convalescing from pneumonia, 
bad been receiAing .500,000 units of penic- 
illin per day for 6 days prior to our observa- 
tions. In order to make the dose response 
curA-es obtained from this patient compar- 
able to those obtained from Patient M. C-, 
the same doses of penicillin were used. 
Injections of 500,000 units of penicillin were 
giA-en prior to obtaining the curves (Chart 4). 
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A control curve without caronamide showed 
the plasma concentration at 15 minutes to 
be 13.9 units per cc. and at the end of 
3 hours 0.87 unit per cc. The following day 
the patient rvas given 4 intramuscular injec- 
tions of penicillin 500,000 units per injection, 
and 4 oral doses of caronamide, 3 gm. everj’- 
3 hours. The plasma concentrations of pen- 
icillin w^ere not increased; at 15 minutes 
there w'ere 10.3 units per cc. and at 3 hours, 
0.87 unit per cc. During tlie definition of 
this penicillin dose response curve, the caron- 
amide concentrations varied between 17 and 
8 mg. per 100 cc. and these concentrations 
did not inhibit penicillin excretion. 

For 5 days this patient received 500,000 
units of penicillin per day and 12 gm. of 
caronamide, then the effect of caronamide 
was reevaluated. Six injections of penicillin 
at 3 hourly intervals (500,000 units per in- 
jection) and 3 gm. of caronamide were given 
orally every 3 hours for 6 doses. The en- 
hancing effect upon penicillin plasma con- 
centrations W'as marked; at 15 minutes the 
concentration w'as 29.95 units per cc. and 
at the end of 3 hours it w'as still 14.98 units 
per cc. While these values were obtained 
the caronamide plasma concentration varied 
betw’een 45 and 43 mg. per 100 cc. and caron- 
amide obviously inhibited tubular penicillin 
excretion. 

Thus, in the second patient as in the 
first, there was good correlation betw'een 
the caronamide plasma concentration and 
the enhancing effect upon penicillin plasma 
concentrations. 

Discussion. Experimental work in ani- 
mals has shown that caronamide is a 
pharmacologically active compound--® of 
relatively low toxicity® which is capable 
of completely suppressing the excretion of 
penicillin by the renal tubules.® In mice-' 
it has been shown that the intensity of 
penicillin therapy can be much increased 
l)y the concomitant administration of cor- 
onamide and penicillin. This has been 
particularly well demonstrated by the 
survival rate of mice infected with Type I 
pneumococci and typhoid bacilli of the 
Panama strain. This laboratory back- 
ground prompted the preliminary clinical 
investigations with caronamide which 
have shown that, both in children’^ .and 


adults'® that penicillin plasma concentra- 
tions can be enhariced'from 3 to 7 fold by 
the oral administration of caronamide. 
This enhancing effect is noted w'hen pen- 
icillin is administered both orally and 
intramuscularly. 

The relative resistance to penicillin of 
the infecting organism in the case of sub- 
acute bacterial endocarditis here described 
justified the use of the new compound in 
an effort to enhance penicillin plasma con- 
centrations. There is an increasing a-ware- 
ness that it is almost impossible to main- 
tain a " level ” of penicillin in the plasma, 
but it has been stated that an effort should 
be made to exceed by 5 times the penicillin 
concentration -which is required in vitro 
to inhibit grow'th of the infecting organ- 
ism.'''-'® Treatment of our case in accord- 
ance -with the above criterion -would have 
required a penicillin plasma concentration 
of appro.ximately 5 units. To maintain 
such plasma concentration of penicillin 
without the aid of some enhancing agent 
would require enormous quantities of pen- 
icillin. 

The dose of 4,000,000 units per day 
was chosen arbitrarily but from the pre- 
caronamide and the postcaronamide con- 
trol dose response curves 500,000 units 
given intramuscularly every 3 hours fell 
far short of meeting the above require- 
ment. With the aid of caronamide it was 
possible to elevate the plasma concentra- 
tion to remarkable heights; 30 to 60 units 
of penicillin per cc. Such concentrations 
have seldom been attained with any dose 
of penicillin alone and to do so in the pres- 
ence of normal renal function would re- 
quire at least 10,000,000 units of penicillin 
or more per day. 

Examination of the dose response curves 
modified by varying caronamide doses 
shows that the enhancing effect of the 
same dose of caronamide was not constant. 
For example, 16 gm. per day showed en- 
hancement of penicillin plasma concentra- 
tions on the 15th day (Chart 3) but 9 days 
later, on the 24th day, no effect was noted. 
During Course when 16 gm. were given 
(Course III, Chart 4) increased levels were 
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indicated by cellular elements in the urine, 
a slight increase in the blood urea nitro- 
gen, and a decrease in urea clearance 
(Chart 3). These changes occurred during 
a period of apparent arrest of the subacute 
bacterial endocarditis and cannot reason- 
ably be attributed to the infection itself. 
The dental extraction which immediately 
preceded the onset of the urinary and 
renal function abnormalities could con- 
ceivably have precipitated an acute ne- 
phritis, but neither the immediate findings 
nor the subsequent course support this 
possibility. It is probable that these mani- 
festations were, indeed, due to caronamide 
but the rapidity with which the urine 
cleared and the urea clearance returned 
to normal indicate the transient character 
of the renal irritation. 

Caronamide is administered in relatively 
large doses and is excreted in the urine, 
presumably by glomerular filtration. In 
order to obviate the likelihood of crystal- 
luria an adequate urinary output (1500 cc.) 
should be maintained. Caronamide is pre- 
cipitated in an acid urine (below pH 5.5) 
and it may Ijc desirable in some instances 
to alkalinize the urine. The maintenance 
of an adequate urinary output is probably 
■ better protection against renal complica- 
tions than relying upon the administration 
of alkalinizing agents. 

The rate of disappearance of penicillin 
from the plasma following an intramuscu- 
lar dose is, in itself, a good test of renal 
function which reflects chiefly tubular 
function. Since S0% of the penicillin in 
the urine is e.xcretcd by the tubules, im- 


pairment of the tubules should result in 
delayed penicillin excretion. The close 
correspondence between the control curves 
before and after 2 courses of caronamide 
therapy extending over 40 daj’^s is reason- 
able evidence that the inhibition of the 
penicillin excretory mechanism was re- 
versible. 

The response of this patient to large 
doses of penicillin and the concomitant 
administration of caronamide has been 
good but no direct claim is made for caron- 
amide in obtaining this result for certainly 
the doses of penicillin used were far in 
excess of those which had been tried pre- 
rdously. It may well be that if 4,000,000 
units of penicillin alone had been given 
for 28 days, this patient would have re- 
sponded similarly. We can say, however, 
that with caronamide the plasma penic- 
illin concentrations following 1,000,000 and 
4,000,000 units per day were increased 
over those anticipated and obtained with 
the same doses of penicillin alone. 

Summary and Conclusion. A patient 
with subacute bacterial endocarditis due 
to a strain of Streptococcus viridam rela- 
tively resistant to penicillin was success- 
fully treated with intramuscular penicillin 
and oral caronamide. 

Even when the dosage employed is 
measured in millions of units per day, the 
plasma levels of penicillin can be elevated 
by the administration of caronamide. The 
effect of caronamide in the treatment of 
this patient was equivalent to the injection 
of additional millions of units of penicillin. 
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NE1V YORK, NEW YORK 

(l-’rom the Metaliolic Service, Moiiiit Sinai Hospital) 


In the relatively small but important 
group of cases of labile dialietes, the fre- 
quency of episodes of hypoglycemia and 
the difficulty of satisfactory control of 
the glycosuria are tvell recognized. This 
group, which is composed almost entirely 
of younger patients, has always been a 
severe problem not only to the general 
practitioner but also to the s])ecialist in 
diabetes. 

The factors that underlie the unpredic- 
tability of sudden changes from glyco- 
suria and ketonuria to convulsive states 
have never been clearly delineated. We 
have obser\'ed 2 patients who tend to shed 
some light on this situation. Botli are 
young women with “brittle” diabetes, 
and both had experienced repeated, severe 
“insulin shocks.” One of them died in 
the hospital; the other is still under ob- 
servation. The case histories follow: 

Case Reports. Case 1. M. B., a white 
female, was first admitted to Tlie Mount 
Sinai Hospital in August 1933, at the age of 
11, for regulation of lier dialietes. The 
onset of the diabetes had occun-ed at the 
age of G with polyphagia, jiolyuria, jiolydip- 
sia and loss of weight. In the intervening 
5 years she had entered other hospitals on 
3 occasions liecause of frequent liypoglycemic 
episodes, most of which were descrilied as 
severe. The patient had been raised in a 
foster home and had never been instructed 
in the significance of the disease nor in esti- 
mating her diet. It was noted that she was 
not gaining weight and that marked glyco- 
suria was iwcscnt. 

Family history revealed the ]irc.sence of 
di.abetcs in an aunt. Past histon’ was non- 
contribntory; physical examination and 
laboratory findings other tlian hyiierglycemia 
and glycosuria were normal. During her 


stay in the hospital she was given a diet 
of carbohydrate (85 gm.), protein (65 gm.), 
fat (100 gm.), with regular insulin (25-8-25 
units) before each of the 3 meals, respec- 
tively. Although she was not kept sugar- 
free on this regimen, and in fact had occa- 
sior.al acetonuria, she still had occasional 
severe insulin reactions, one of which was 
.accompanied by a generalized con\mlsion. 

Second ad77iiss{on: October 1934. One 
day after discharge from the hospital she 
had a severe shock accomiianied iiy convul- 
sions. 

'Fldrd ad777ission: July 1935. She was 
admitted for tonsillectomy and adenoidec- 
tomy because of rejieated sore throats. In 
the interim she had been having occasional 
insulin reactions. The ojieration was un- 
complicated. 

Fowih ad77nssion: June 1936. This was 
for a traumatic slipjied epiph3'’sis of the 
lower end of the right radius and a fracture 
of the right ulnar styloid. Healing was 
satisfactory'. 

Fiph ad77}ission: October 1936. This ad- 
mission was due to pain in the ear, sore 
throat and fever. She was disoriented, 
slightl.y confused and in obHous diabetic 
ketosis. The ketosis responded promptly 
to treatment. Examination revealed a 
palpable liver edge, normal ocular fundi, and 
no focal neurologic signs. The patient 
stated tliat .she had been having frequent, 
severe nocturnal insulin shocks, as well as 
occasional dizz.v spells. It was now su-spected 
that the ]Mcture was complicated liy some 
factor in addition to insulin hypoglycemia. 
However, in the 2 instances during this ad- 
mission when she was observed to be uncon- 
scious with coinmlsive movements, she rc- 
sjionded to the administration of 50% glucose 
intravenou-sly. The severity of the diabetes 
continued to fluctuate; that is, she would 
pa.‘;s rapidly from marked glycosuria, even 
with acetonuria, to severe hyjioglycemic 
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and diffuse gliosis. The blood-vessels were 
engorged. Similar though less marked 
changes in the nerve cells were seen in the 
tegmentum, .pons and medulla. 

Pathologic diagnosis: degenerative en- 
cephalopathy; toxic (?) encephalopath}^ 

Case 2. S. K., a white female, was first 
seen in the Out-Patient Clinic of The Mount 
Sinai Hospital in 1940, at the age of 13. 
She was treated for a keloid of the right 
hand; there were no other complaints or 
abnormal findings. In Ma}'^ 1943, she was 
admitted to another hospital in diabetic 
ketosis which followed 2 weeks of loss of 
weight, polyuria, polydipsia and pruritus, 
without preceding incident. She was dis- 
charged on a diet of carboh 3 ’-drate (200 gm.), 
protein (80 gm.), fat (80 gm.) and 75 units 
of protamine zinc insulin each morning. 
Thereafter she attended our clinic. She 
had repeated insulin reactions and frequent 
glycosuria. At first her dailj’' requirements 
for insulin rose to 130 units of protamine zinc 
insulin, but this was gradually reduced to 
70 units. She spent part of the summer of 
1943 in a diabetic camp; and here, too, the 
the frequency of insulin shocks was clearly 
noted. 

In Fcbruaiy 1944, she was admitted to 
The Mount Sinai Hospital for diabetic keto- 
sis, and in December 1944 she was admitted 
for appendcctomj". From then until Febru- 
ary 194G she had repeated admissions to 
several hospitals for either ketosis or shock. 
Blood pressure, blood cholesterol, blood pro- 
teins, chest roentgenograms, neurologic e.x- 
amiiiations and the e 3 'egi’ 0 imds wei'o always 
within normal limits. Occasional^’-, her 
urine would show a trace of albumin. 

In Fcbruar 3 " 194G, at the a.ge of 19, she 
was again admitted to this hospital in severe 
ketosis, following an upper respirator 3 ' infec- 
tion. The ketosis responded well to energetic 
treatment. However, the diabetes was ne-rer 
too well conti'olled on a high carboh 3 'drate 
diet, with the insulin dosage var 3 *ing from 
40 units of protamine zinc insulin to a 2;1 
mixture of GO units of regular insulin and 
30 units of pwtnimm zinc insulin. During 
this hospital sta 3 ', .die continued to have 
many attacks of shoclc which were considered 
to bo related to hypoglycemia. However, 
main’ of (heso were found to occur with a 
normal of even markediv elevated blood 
sugar. The seizures were noted to consist 
of fogging of consciousness, sucking move- 


ments of the mouth and tongue, occasion- 
ally preceded by a sensation of thirst, and 
often followed by a variable period of drowsi- 
ness. Convulsive movements, tongue-biting, 
incontinence and frothing at the mouth were 
constantly absent. There was complete am- 
nesia for these episodes. Neurologic investi- 
gation revealed: normal neurologic examina- 
tion, normal lumbar puncture findings and a 
normal skull roentgenogram. An electro- 
encephalogi’am showed alpha -agaves wdth 
frequencies as low as 7 per second, -adth 
rare bursts of 3 and 6 per second acti-vity. 
Hypogb'cemic effects on the EEG were 
ruled out b 3 ’- demonstrating the persistence 
of these changes even in the presence of 
marked hypergb'cemia. 

Dilantin, phenobarbital and tridione a’ere 
each tried in full therapeutic dosage with 
no measurable beneficial effect on the fre- 
quenc 3 '- or severity of the attacks. She ivas 
given a free diet and permitted to have gly- 
cosuria, but there was no change in her con- 
dition. Because of the fear of possible 
attacks, she is unable to -work. At the 
present time she is still on a free diet with 
a mixture of 42 units of regular insulin and 
17 units of protamine zinc insulin ever 3 ’- 
morning. The seizures continue at the rate 
of approximate^’- 1 every 3 days. 

An electroencephalogram made in April 
1947 again showed alpha waves with fre- 
quencies as low as 7.5 per second -with rare 
bursts of 6 per second acti-\dt 3 '- and some 
single 3 per second waves. H 3 ’perventilation 
did not increase the amount of slow acti-vity. 
A record taken 10 minutes after the intra- 
venous injection of 50 cc. of 50% glucose 
showed the same characteristics. 

Discussion. It is quite e\ddent that 
definite abnormalities existed in both 
cases as demonstrated by the pathologic 
findings in the one and the electroencephal- 
ographic changes in tlie second. The 
patliogenesis of these abnormal findings 
and their relation to the clinical picture 
is a matter of great importance. Several 
possibilities are suggested: (1) they are 
tlie manifestations of irreversible cerebral 
changes following repeated insulin h 3 ’po- 
gl.vcemia; (2) the changes are independent 
of the diabetes and are actualh’- an influ- 
ence in the causation of repeated shocks; 
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Cystinuria is a rare metabolic disease 
in which cystine stones are deposited in 
the kidney, cystine crystals may be found 
in the cornea, conjunctiva, bone marrow 
and other tissues and as much as 0.5 gm. 
of cystine'® may be excreted daily in the 
urine. Looney el concluded in 1923 
that “Tlie excretion of cystine {in cijstin- 
■uria) is not simply an index of a general 
disturbance in the metabolism of amino 
acids but a definite entity confined to 
cystine,” but the observations of several 
other workers are opposed to this I'iew. 
Udranszky and Baumann,''* and other in- 
vestigators'® found cadaverine and putres- 
cine in the urine of some cystinuric sub- 
jects, while Loewy and Neuberg'® re- 
ported that the excretion of these diamines 
by cystinuric jv.itients was increased after 
the ingestion of arginine and lysine. 
Later workers'* have shown that 
cystine excretion in cystinuria was in- 
creased after the ingestion of methionine, 
cysteine (but not cystine), glycine, alanine 
and glutamic acid. It has been report- 
ed-'** '® that aspartic acid, leucine anil 
tyrosine were tolerated by cystinuric pa- 
tients or appeared almost quantitatively 
in the urine. 


Cystine, leucine, tyrosine, lysine and the 
benzoyl derivative of a substance thought 
to be derived from tryptophane' liave 
been detected in cystinuric urines, but 
quantitative data are lacking. For tliis 
reason, we determined quantitatively a 
series of amino acids in the urine of a 
cj'^stinuric subject witli the aid of micro- 
liiologic methods. 

Case History, R. B., a 5 year old white 
girl, was first admitted at the age of 2 3 ’'ears 
to the Urological Serwee of the Hospital of 
the University of Pennsylvania in 1942.. At 
that time she ran an irregular fever, had 
pain on urination and voided a cloudy urine. 
xV diagnosis of undulant fever was made. 
After several months she was discharged. 
In 1943 she was readmitted to the hospital 
in coma with abdominal distention and high 
fever. She recovered from the acute episode, 
but the pain on urination -and the cloudj' 
urine persisted. Roentgen ra^’s taken at thi.s 
time indicated bilateral urinaiy calculi. A 
low fat diet was adwsed. 

The complaints continued and on Aug. 16, 
1945, she was readmitted for further stud.v. 
Her past medical historj- was non-contribu- 
tori'. She was a full-term babj* normalh' 
delivered. Her diet was adequate. Devel- 
opment was normal until the .stated S 3 *ini> 


* This work w.is aided by grants to one of n.s (M. S. D.) from the .lohn and Mary R. .Markle Fouiola- 

tion nnd tno University of Californin. 
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toms began at 20 months. The family ing power, 49 volumes per 100 ml.; uric 
history was negative except for 1 aimt with acid, 2.2 mg. per 100 ml.; protein, 6.6 gm. 
renal disease^ presumably renal calculi, per 100 ml.; chlorides, 106.6 m.eq, per liter; 
Physical examination revealed a cooperative serum calcium, 10.3 mg. per 100 ml.; serum 
pleasant girl who appeared small for her age. phosphonis, 3.9 mg. per 100 ml.; and alka- 
Blood pressure was 100/60. Tonsils were line phosphatase, 13.1 Bodansky units, 
atrophied. Remainder of the examination The phenolsulfonphthalein excretion was 


was normal. Laboratory studies -were as 
follows: hemoglobin, 68%; leukocytes, 6500 
per c.mm.; urine, acid with 4 to 5 w'hite 
blood cells per high power field; and urine 
culture, Aerohader aewgenes and non-hemo- 
lytic streptococci. Roentgen ray and intra- 
venous urography confirmed the presence of 
a right renal calculus and a left ureteral cal- 
culus. There was a bilateral hydronephrosis. 
Cystoscopy under avertin anesthesia re- 
vealed a normal bladder cavity. Ureteral 
catheterization and pyelography confirmed 
these observations. 

-A left uretero-lithotomy was performed 
on Aug. 21, 1945, and the calculus was re- 
moved from the dilated ureter. Convales- 
cence was uneventful and a right p 3 mlo- 
lithotomy was performed on September 6. 
The elliptical-shaped calculus from the left 
ureter measured 2.4 x 0.7 cm. and the roughly 
triangular calculus from the right kidnej'^ 
pelvis measured 2 x 1.9 cm. The yellow- 
brown stones had finely granular surfaces 
and a “maple-sugar” appearance. The cal- 
culi were identified as cj'stine by the Sullivan 
test. Cystine crj'stals were found on several 
occasions. She was discharged on Septem- 
ber 23. 

She was readmitted on Oct. 22, 1945. 
The physical examination was unchanged 
except for well-healed operative wounds. 
She was placed on a strict diet of 1500 calo- 
ries daily consisting of proteins (31 to 
50 gm.), carbohj'-drates (119 to 220 gm.), 
fat (73 to 110 gm.), taken as milk, fruit 
juices, oatmeal, eggs, graham crackers and 
butter. Fluids were forced to 2000 cc. dailj’. 
On 3 consecutive days 24 hour urine speci- 
mens were collected for analysis. She was 
then placed on methionine, 0.3 gm., 3 times 
dailj’ for 3 daj’s, in addition to the diet. 
Urine samples were obtained as before. 

Further studies at this time revealed: 
hemoglobin, 82%; leukocytes, 7200 per 
cjnm.; urine, acid with many white blood 
cells per high power field and a trace of 
albumin, sugar negatir'c; blood urea nitro- 
gen, 10 mg. per 100 ml.; fasting blood sugar, 

82 mg. per 100 ml.; carbon dioxide combin- 


62% in 2 hours. Roentgen rays of the long 
bones showed no evidence of rickets and 
were considered normal. Intravenous urog- 
raphy demonstrated a residual hydronephro- 
sis w’ith no evidence of calculi. 

Upon completion of these studies the child 
was discharged in good condition. She has 
remained sj’mptom free and has developed 
normally. 

Phepaijation of Urine Sajiples. Ali- 
quots of the cj'stinuric urines were frozen, 
dried and preserx’ed in this state, the dry 
material was weighed and dissolved in 
0.2 N hydrochloric acid, and the acid solu- 
tions were diluted to the original volumes 
of the aliquots. These solutions and ali- 
quots of the normal urine samples were 
deproteinized by adjusting the solutions to 
pH 6.8 and boiling them for 10 minutes. 
A few drops of acetic acid were added to 
dissolve phosphates and the mixtures were 
cooled and filtered. Aliquots taken for 
amino acid assay were adjusted to pH 6.8 
and diluted to the desired volumes. That 
this treatment was without significant effect 
on the amino acids in the urines was indi- 
cated by assays which gave values for the 
boiled samples averaging 94 (90 to 100)% 
of those found for glutamic acid, leucine 
and valine in the unboiled samples. 

Acid hydrolysates of the deprotenized 
urines were prepared by refluxing 50 ml. ali- 
quots for 6 hours at 120° with 6 N hydro- 
chloric acid. The amino acid values were 
not altered significantly bj’ refluxing the 
samples for 20 hours under the same condi- 
tions. Excess hj’drochloric acid %vas removed 
bj' distilling each solution to drj-ncss in 
vacuo at 70 to 80°, adding 30 ml. of dis- 
tilled water to the residual material and re- 
distilling the solution to dryness in vacuo. 
Each residue was dissolved as completely 
as possible in hot water, the suspension was 
filtered, the precipitate was washed thor- 
ouglilj’ with liot N hydrochloric acid and 
hot water, and the combined filtrates were 
diluted to 100 ml. An aliquot of c.ach ap- 
proximately 0.1 N hydrochloric acid .solution 
was neutralized to pH 6.8, compensated by 



URINARY EXCRETION OF AMINO ACIDS BY A CYSTINURIC SUBJECT o09 


the method described previously in this 
series of papers for the salt estimated to be 
present in the original urine and that formed 
by neutralization of the hydrochloric acid, 
and diluted to the desired volume. 

The urine samples, diluted 1:1.5 (see 
Table 1), were treated with urease to remove 
urea, a possible interfering substance at this 
low dilution of urine. The urease was puri- 
fied essentially by the method of Archibald 
and Hamilton^ to remove canavanine and 
any other free amino acids. A 65 ml. aliquot 
of urine was adjusted to pH 7, an aliquot 
of the purified urease solution equivalent 
to 0.35 gm. of urease was added, and the 
mixture was incubated at 35 to 50° for 
30 minutes. The mixture was boiled imme- 
diately for 5 minutes to inactivate the urease 
and any other enzymes present, 1 drop of 


thymolblue indicator. The organisms, the 
approximate dilutions of the urine samples 
and the incubation times are given in 
Table 1. 

Experimental Results. The daily 
excretion of 15 amino acids by 7 normal 
female subjects and by the female cystin- 
uric patient over a period of 5 days is 
shown in Tables 2 and 3. That these data 
are of reasonable accuracy is indicated by 
the mean deviations from the mean of the 
values at the different levels of samples 
which averaged 6.4 (3.3 to 10) % for the 
unhydrolyzed urines and 5 (2.8 to 7.4) '% 
for the hydrolyzed urines. Higher values 
up to 43% were found for aspartic acid, 
isoleucine, leucine and threonine in un- 


Table 1.— Oboanibms, UniNE Dilutions and Incubation Times Employed in Aaiino Acid Assays 


Urine dilutions 


Amino add 

Unbydrolyzed 

Hydrolyzed 

Arginine 

i;2.6 

1:5 

Aspartic acid 

1:2.5 

1:20 

Cystine 

i:40 

i:40 

Glutamic acid 

1:2.5 

i:40 

Glycine 

1:20 

1:20 

Histidine 

i:40 

1:40 

Isoloucine 

1:1.5 

1:2.5 

Leucine 

1:2,5 

1:2.5 

Lysine 

I’.l.S 

1:2.5 

Methionine 

l:l.5 

1:6 

Phenylalanine 

1:5 

i:5 

Threonine 

i:i,5 

1:2.5 

Tryptophane 

i;20 

. . 

Tyrosine 

1:5 

1:5 

Valine 

i:2 5 

1:2 5 


3 N sodium hydroxide was added and the 
alkaline solution was boiled for 5 minutes 
to remove ammonia. The hot solution was 
acidified witli acetic acid to dissolve phos- 
phates and to precipitate any proteins present 
in the urine and the urease. The suspension 
was cooled and filtered, the precipitate was 
washed thoroughlj' with hot water, the fil- 
trate was adjusted to pH 6.8 and the final 
solution was diluted to 100 ml. 

Microbiologic Assay Phocedure. The 
amino acids were determined by the micro- 
biologic procedures and techniques de- 
scribed bj' Dunn ct al. in earlier papers of 
this series except tliat aspartic acid was 
determined by the method of Hac and Snell.*" 
The final volumes of solutions employed in 
the assays were 3 ml. per 13 x 100 mm. test 
tube. Acid production was measured by 
titration vith standard base using bromo* 


Incubation 

Organism time (days) 

Lactobacillus casei 3 

Leuconostoc mesenteroides P-60 3 

Leuconostoc mesenteroides P-60 5 

Lactobacillus arabinosvs 17-5 3 

Leuconostoc mesenteroides P-60 3 

Leuconostoc mesenteroides P-60 6 

Lactobacillus arabinosus 17-5 3 

Lactobacillus arabinosus 17-5 3 

Leuconostoc mesenteroides P-60 5 

Lactobacillus fermenti 36 2 

Leuconostoc mesenteroides P-60 5 

Lactobacillus fermenti 36 2 

Lactobacillus arabinosus 17-5 3 

Lactobacillus casei 3 

Lactobacillus arabinosus 17-5 3 


hydrolyzed urines due primarily to the 
low concentration of these amino acids. 

The possibility that any putrescine 
(1,4-diaminobutane) and cadaverine (1,5- 
diaminopentane) present in the cystinuric 
urine might be measured microbiologi- 
cally as arginine and lysine, respectively, 
was investigated. Putrescine was obtained 
from the Eastman Kodak Company and 
cadaverine was synthesized as the dihy- 
drochloride from trimethylene bromide bj' 
reduction with sodium of the intermediate 
trimethylene cyanide essentially by the 
method of Ladenburg,*" The cadaverine 
was only about 93% pure since the melt- 
ing point was 239° to 241° (usual accepted 
value, 242° to 243 °*‘) and the nitrogen 
content determined by semi-micro Kjeldahl 
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was 14.9% (theory, 16%) for the dihydro- 
chloride. It was 'found that putrescine did 
not support the growth of L. casei on an 
arginine-deficient medium and that it did 
not inhibit the grou^th of this organism 
on the same medium supplemented with 
an adequate amount of arginine. Entirely 
analogous results were obtained with 
cadaverine. 

Discussion. It would appear from the 
data given in Tables 2 and 3 that arginine, 
cystine, histidine and phenylalanipe in 
normal female urine and arginine, cystine 
and lysine in the cystinuric urine were 
present largely in the unconjugated state 
since essentially the same values for- these 
amino acids were found before and after 
hydrolysis of the urines. It may be pos- 
sible, but is not probable, that conjugated 
forms of these amino acids with, nearly 
identical activity for the assay micro- 
organisms were present. Since the total 
amino acids determined after hydrolysis 
averaged about 45 % higher for the normal 
urines and about 20% higher for the cys- 
timiric urines, it may be concluded that 
large proportions of amino acids other 
than those stated existed in conjugated 
forms. This increase was especially mark- 
ed in the case of glutamic acid. These 
observations coincide generally with those 
reported by Dunn ct aU for normal male 
urines. 

In our 7 normal subjects the amino acid 
excretion shows a remarkably uniform 
pattern, regardless of age differences (age 
varying from S to 33 years). 

Marked changes from the normal oc- 
curred in our case of cystinuria in the 
excretion of some amino acids both in 
absolute and relative amounts. The most 
significant increases in the unhydrolyzed 
urines were found for arginine from 16 mg. 
in normal subjects to 127 mg. in our cys- 
linnric patient, an average for a 24 hour 
period, and from 1.3 to 14.4% of the total 
amino acids measured; for cystine from 
90 to 290 mg. and from 10.7 to 30.4% 
re.spectively; and for lysine from 17 to 
230 mg. a\id 2.4 to 24,2% respectively. 
In liydmly7,e<l urine.*? the eorre-sponding 


increases were for arginine from 16 to 
137 mg. for an average 24 hour period, 
and from 1.3 to 13.7 % of the total amino 
acids measured; for cystine from SO to 
260 mg. and from 6.4 to 21.7% respec- 
tively; and for Ij-sine from 60 to 250 mg. 
and from 5.2 to 23.7 % respectively. The 
most significant average decreases were 
for glycine, from 690 to 260 mg. and frorii 
68 to 23% in unhydrolyzed urines,; and 
from o30 to 160 mg. and from, 43 toT5% 
in hydrolyzed urines; for histidine, frd'm 
SO ‘to 26 mg. and from 10.8' to 2.9% in 
unhydrolyzed urines; and from 90 to 
38 mg. and ffrom 7.7 to 2.8 % in hydro- 
lyzed urines. It is of further interest that 
the combined excretion of arginine, cys- 
tine, glutamic acid, histidine, glycine and 
lysine averaged about 90 (75.2 to 96.6) % 
of' the 15 amino acids . which were deter- 
mined in all of the normal and cystinuric 
urines. 

The data presented are in accord with 
the \'iew that in cystinuric patients the 
metabolism of amino acids may be de- 
ranged in several respects and not only 
with regard to that of cystine. The report 
by early workers that the diamines, putres- 
cine and cadaverine, which are closely 
related to arginine and lysine, were ex- 
creted in the urine by some cystinuric 
subjects is in harmony with this conclu- 
sion and with our own findings of an 
excreased excretion of arginine and lysine. 

In confirmation of previous work,'*-^ ® '^*''’' 
ingestion of methionine increased urinary 
excretion of cystine in our patient. 

Recently, Fanconi® called attention to 
the intimate pathogenetic relation of cys- 
tinuria to a particular syndrome character- 
ized by stunted growth, rickets, hypo- 
phosphatemia, acidosis, glycosuria and 
high excretion of organic acids, including 
amino acids. It may be assumed that in 
cases showing this s^sTidrome the disease 
develops first as cystinuria, leading to 
renal injury, followed by other metabolic 
changes characteristic for impairment of 
renal function (acidosis, hypophosphate- 
mia, osteodystrophy). In this stage of 
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the progressive disease, cystine crystals 
may be found in organs and tissues, and 
demonstrated in vivo by bone marrow 
biopsy. Fanconi suggests the use of the 
terms "cystine storage disease,” or \nth 
reference to the general disturbance of 
amino acid metabolism — “diabetes acid- 
aminicus et aminicus.” Our patient has 
not sho’rni the typical Fanconi sjmdrome, 
and the pathologic disturbance manifested 
itself only in the high excretion of cystine 
and several other amino acids. It is con- 
ceivable that the impairment of renal 
function with consecutive osteodystrophy 
will develop at a later age. 


Summary. The daily excretion of 15 
amino acids in unhydrolyzed and hydro- 
lyzed normal and cystinuric female urines 
has been determined by microbiologic 
methods. Evidence has been presented 
which indicates that some amino acids 
are present largely in conjugated and some 
largely in unconjugated forms, hlarked 
increases from the normal excretion of 
arginine, cystine and lysine and marked 
decreases in glycine and histidine occurred 
in cystinuria. The view of some early 
workers that there is a general disturbance 
in the metabolism of the amino acids in 
cystinuria is supported by the present 
observations. 
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THE EXAMINATION OP THE HYPEETENSIVE PATIENT 

By Marcus Backer, M.D. 

ASSISTANT CUNIC'al PROFESSOR OF MEDICINE, YALE UNIVERSITY SCHOOL OF MEDICINE 

NEW HAVEN, CONNECTICUT 


In an era of preventive medicine and 
specific therapy we face a generation of 
physicians in fervent quest of still another 
antihypertensive formula, of a bigger and 
better surgical antihypertensive procedure. 
It is difficult to find a remedy Mth which 
to undo the harm wrought by parental 
contempt of the laws of heredity. Thus 
far, essential hypertension remains a famil- 
ial disease, irrevocably determined by the 
inheritance of a constitution productive 
of arterial hypertension, and void of a 
satisfactory solution. 

Meanwhile, the clamor for such a final 
solution tends to override our sense of 
diagnostic discrimination in many an in- 
stance of hypertension arbitrarily desig- 
nated as "essential.” Occasionally, a 
patient, for years under supervision be- 
cause of "essential hypertension,” is 
finally recognized as having another clearly 
demonstrable disease. It is not knovm, of 
course, how many cases VTonglj’^ labeled 
“essential hypertension” never come to 
a correct diagnosis. 

As it is, some physicians subject their 
hypertensii^e patients to a wide range of 
investigation, while many others do not 
go beyond using the sphygmomanometer. 
Between these two opposite diagnostic 
attitudes there is a vide gradation of 
attempt at differential diagnosis, more or 
less remote from completeness, depending 
upon the training, zeal, and inqiiisitive- 
ncss of the given physician. 

Under tliese circumstances, it is deemed 
purposeful to outline a desirable routine 
examination of patients who manifest a 
significant rise of arterial tension. By tlic 
same token, it is proposed that the diag- 
nosis of essential liypertension be made 
dependent ujion e^^dence obtained from 
such routine examination. Patients not 
so examined or the cause of whose hyper- 
tension is not clearly definable should not 


be disposed of by the short-cut diagnosis 
of “essential hypertension;” they should 
be regarded as instances of arterial hyper- 
tension of unascertained origin. 

Last but not least, extensive examina- 
tion of the new patient afflicted with hy- 
pertensive disease serves a much broader 
purpose than mere etiological classifica- 
tion. It aids in tlie appraisal of the 
severity and spread of this disease, reveals 
its organic distribution and functional 
pathology, and facilitates prognosis and 
reasonable treatment. 

The following is submitted as a feasible 
plan of investigation to be followed in 
cases of arterial hypertension. Several of 
these headings may offhand seem to be 
part and parcel of anj’’ complete examina- 
tion. Under all of them, however, special 
points of pertinent interest are stressed 
apart from the usual routine which they 
imply: (]) Family history; (2) individual 
history; (3) physical examination; (4) 
urinalysis; (5) blood serology; (6) flat 
Roentgen ray plate of the chest; (7) elec- 
trocardiography; (8) nitroglycerine-test; 
(9) exercise tolerance test; (10) kidney 
function test; and (11) urography, and 
special urological investigation, if indi- 
cated by findings obtained from above 
procedures. 

1. Family History. The family-tree 
is to be searched for the occurrence of 
hypertensive disease, vascular accidents, 
sudden deaths, eclampsia and allied liyper- 
tensive manifestations. The liody build 
of the patient should be noted and com- 
pared, by careful questioning if nece.ssary, 
with that of a parent or sibling known to 
be afflicted with, or to have died of, hyper- 
tensive disease. In this connection, the 
pyknic constitutional type merits par- 
ticular importance: tlie .rimrt-necked, 
barrel-chested indin'dual with well arched 
feet, high horizontal shoulder-girdle, good 
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muscular endo-mnent, heavy skeletal 
frame. 

The age of deceased parents is sig- 
nificant: patients with moderately severe 
hypertension may well reach the 6th or 
i'ven the 7th decade of life; a record of 
decided longevity in the ancestry prac- 
tically precludes the existence of grave 
hypertension of the familial type. 

The discovery of one or more cases of 
congenital heart disease of any tj^pe in 
the family of a hypertensive patient should 
suggest the possibilitj' of coarctation of 
the aorta with pro.ximal arterial hyper- 
tension. 

A dependable history of polycystic kid- 
ney in some member of the family prompts 
the consideration of a similar mechanism 
being involved in the arterial hypertension 
of the patient under examination and 
justifies instituting urographic and other 
measures for the study of such a diag- 
nostic possibility. 

2. Individual History. The past his- 
tory and symptomatology of the young 
hypertensive patient need to be scrutinized 
with a view of possible presence of coarcta- 
tion of the aorta: one may find parallel 
manifestations of "cold feet” and head- 
aches in such patients, or the unexpected 
symptom of intermittent claudication, all 
expHcaidc on the basis of the underljdng 
anatomical variation of the arterial chan- 
nels ami their respective consetpicncc-s 
above and below the coarctation. 

Again, in the young hypertensive per- 
son, a history of "neuritis” attacks, unex- 
plained cough, and bizarre episodes of 
abdominal pain, may well suggest a search 
for the generally elusive entity of peri- 
arteritis nodosa. 

If the history is one of periodic acute 
episodes ranging from headaches to col- 
lapse, alternating with intervals of freedom 
from hypertensive c-omplaints, and one is 
able to elicit also the eosnpiaint of uni- 
lateral lumbar backache, one should cer- 
tainly tiot ignore the possibility of a 
phe(>chromoeytoma with paroxysmal hy- 
jxTtensinn. Conversely, however, ehrtr 
nicity .alone does not iireelmle such an 


impression. When one suspects the arterial 
hypertension to be due to such a medul- 
lary adrenal neoplasm, it may be helpful 
to question the patient concerning pos- 
sible gljmosuria in the past on some occa- 
sions but not on others; in such patients, 
simultaneous paroxysms of hypertension 
and excessive glycogenolytic bouts with 
glycosuria are Hkel.v to have occurred in 
the past. 

The duration of the hypertensii’e liis- 
tory may be significant. If it coincides 
with menopause, spontaneous or surgical, 
and did not precede it by several years, 
one may suspect the e.xistence of benign 
menopausal hypertension. 

At times, a real and deliberate effort 
must be made to unearth a psychogenic 
cause of even \'ery long lusting hyiJer- 
tension. Such an effort at probing the 
patient’s history is especially indicated 
when the investigator is impressed with 
the contrast between the long duration 
and the remarkably benign course of the 
disorder. Occasionally, such search dis- 
closes a death, marital separation, or .some 
other critical event in the patient’s past 
ushering in the onset of complaints. 

The importance of such findings in the 
history is appreciated when “essential” 
hypertension of seemingly serious severity 
actually ceases to exist after the provoca- 
tive background has been eliminated. .As 
an e.\'ample of this kind the following case 
is cited. 

Case Keports. C.v.sk I . .An o!)esc woman 
55 years old liad a bloorl pressure up U> 
225/1 1.5, with severe hypertensive complaints 
of many years duration. .She was married 
to a person not mont.ally normal, of a family 
studded with instances of insanity. An 
insane son born of this union lived .at home. 

He had long been a source of emotional 
conflict between the patient’s maternal at- 
tachment, on one hand, and lier admis'ioii 
of the urcent need of in's confinement at aTi 
institution, on the other. .Al-o, her hii<band 
was steadily lieeomiiitc a -til! further source 
of i)erj)C'f!j.al irritation and worra' laaatn-e 
of growinc inv.alidi-rn demandinz eon-tant 
.attention. fiijLmifirantly, her heart w.a- imt 
enlarcecl on Ro-'ntcen ray examination atid 
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her electrocardiogram was satisfactory. Aftei' 
lier husband died and her son finall}’- was 
placed under institutional care, the patient, 
now living peacefully with other members 
of her family, has no hypertensive com- 
plaints, and her blood pressure averages 
145/95. 

One is always impressed with the liis- 
tory of years of anx'iety and worry of the 
small business-man drifting hopelessly be- 
tween poor credit, not enough stock, too 
few customers, too much chain-store com- 
petition, too many threats of foreclosure. 
Such an individual’s elevated blood pres- 
sure, in the absence of definite evidence 
to the contrary, is not a manifestation of 
hypertensive disease; rather, it is a neuro- 
circulatory reflection of his economic mal- 
adjustment. 

In the history of such instances of 
“hypertension” one seeks, but does not 
find, any true episodes of hypertensive 
disease, such as stenocardia, anginal seiz- 
ures, or paroxysmal nocturnal dysppea. 
Conversely, one distinguishes from such 
real manifestations of hypertensive heart 
disease the various neurocirculatory com- 
plaints of “inability to breathe,” the 
notorious sighing type of respiration, or 
the “nocturia” due to nervous insomnia 
but conspicuous by its absence during a 
spontaneous or induced restful night. In- 
deed, such patients often volunteer to 
supply a history of relative well-being 
during their hours of work and concentra- 
tion, while their periods of distress, upon 
inquiry, may be found to follow excite- 
ment and aggravation. 

On the opposite side of the ledger, a 
history of infections, no matter how remote 
in the patient’s past and regardless of 
their severity, such as sore throat, tonsil- 
litis, or scarlet fever, tentatively suggest 
the need of ruling out chronic glomerulo- 
nephritis with hypertension. 

Lead poisoning in the patient’s past is 
significant: it may be the source of hyper- 
tension encountered long afterwards, and 
the kidneys may never have been in- 
volved.* 

Rare instances of “essential” hyper- 
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tension are known to have been accounted 
for by head injuries and by cerebral infec- 
tions which had occurred previousi;\' but 
which have produced neurological changes 
in the hypothalamus with resulting eleva- 
tion of the blood pressure. 

A history of diabetes mellitus militates 
against hasty labeling of patient’s high 
blood pressure level as essential hyper- 
tension. In the first place, diabetics have 
a tendency to mild systolic hypertension 
in the second place, it is necessary to 
ascertain the patient’s antidiabetic regi- 
men and its efficacy. So many a diabetic 
person loses his “hypertension” after the 
diabetes has been brought under satis- 
factory control, without any other attempt 
at reducing the arterial tension. 

3. Physical Exaaiination. At the first 
examination, the finding of an elevated 
blood pressure should not be accepted 
with finality, in itself, as a token of hjT>er- 
tensive disease. This is clear in view of 
the unde range of blood pressure fluctua- 
tion under various circumstances and the 
emotional element often entering into con- 
sideration, especially during the first ex- 
amination by a new physician. One pro- 
ceeds examining the patient completely 
and, unable to elicit additional e\'idence 
of arterial hypertension, defers a conclu- 
sion until it is justified by several readings 
under basic conditions of physical rest 
and emotional equanimity. 

On each occasion and as a matter of 
routine, the reflex elevation of the blood 
pressure follondng inflation of the cuff 
should be disregarded. Repeating the 
procedure slowly a few times, one generally 
finds the last reading the lowest. 

An increased pulse rate detracts from 
the dependability of the blood pressure 
reading; it points to a momentary state 
of excitability with increased systolic 
arterial tension. This is encountered only 
too frequently and should not be confused 
^^^th the picture of hj'perthyroidisra in- 
cluding tachycardia, systolic hj-pertension, 
relatively low diastolic blood pressure, 
and a wide pulse pressure. 

Blood pressure determinations during 



ba-cker; the exasiination of the hypertensive patient 




the menstrual cycle are often misleading. 
The same is true for the patient with a 
distended urinary bladder or one sup- 
pressing an urgent need of bowel evacua- 
tion. In cases of neurosis with vascular 
manifestations the blood pressure may be 
found to be appreciably high because the 
patient smoked before the e-xamination. 

Disparity of the blood pressure read- 
ings between the two arms, like the in- 
equality of the radial pulse, should arouse 
the suspicion of luetic aortic disease or of 
extensive arteriosclerosis of the aortic arch 
with involvement of a subcla\'ian artery. 

In the young person, the discovery of 
arterigl hypertension in the arms prompts 
one to examine the arterial circulation of 
the lower extremities: poorly palpable 
dorsal arteries of the feet and a blood 
pressure reading in the popliteal space 
paradoxically lower than that in the 
brachial arteries may lead to the diag- 
nosis of coarctation of the aorta. Indeed, 
the palpability of the posterior tibial and 
dorsal arteries should be tested routine!}’ 
in hypertensive patients of any age. In 
those suspected of having coarctation of 
the aorta, signs of compensatory collateral 
circulation should be looked for in the 
thorax, especially in the subscapular areas. 

The physician need not regard this as 
bending backward to find a case of coarc- 
tation of the aorta. It is a fact that such 
cases arc usuall}’ discovered accidentally 
by the roentgenologist, insteatl of by the 
clinician. 

Case 2. A white woman, -12 years of 
age, c.ame to the attention of the vTitcr 
witii the Label of "essential” hypertension. 
She had been subject to cpisodc.s of bilateral 
iw.ad.ac1)0 and dizziness for m.any years. At 
one time, her .3rd pregnancy had been intcr- 
nipfcd "therapcutic.ally” because of hyper- 
tension, though 2 prerious pregnancies bad 
been entirely uneventful. Several fainting 
spells bad occurred in the past. Slie com- 
plained of irritabilffy, swelling of the ankles 
on prolonged st.andinc, .and incre.asing 
dyspnea on mild e.xcrtion. Strenuous exer- 
tion .also c.auscd substemal pain without 
radiation. Dtirinsr the time since Xovember, 
1943, she was examined by many obserr’crs. 


According to theii- records, her average blood 
pressure bad been 195/105. Once, an episode 
of pyelitis prompted one of her e.xaminers 
to raise the question of anatomical mal- 
formation of the urinary tract as a possible 
explanation of the entire picture, including 
the hypertension. The impalpability of the 
dorsal arteries of both feet had been noticed 
by one of her first attendants. Also, mild 
exophthalmus remained a constant finding, 
without any other signs of hyperthyroidism. 

During the examination by this writer, 
the patient complained of choking sensations 
in recumbent posture, in addition to the 
symptoms referred to abox'e. On that occa- 
sion, her blood pressure ranged from 235 to 
240 systolic and from 95 to 105 diastolic. 
A review of the available ch'nical data seemed 
to establish clearly; marked systolic hyper- 
tension with but sfightly elevated diastolic 
blood pressure in the absence of aortic 
insufficiency; unerentful course; appearance 
of good health despite the long duration of 
her hypertension; lack of any eridence in 
support of renal etiology; lack of any other 
clear-cut etiological data. The label of 
essential hypertension did not seem to be 
justified. On the other band, the choking 
sensations on l}ung down, slightly wheczj* 
expiratorj' breath sounds, the impression of 
increased dullness beneath the manubrium 
sterni, and the long knorra mild e.xophthal- 
mus, suggested the possibility of a substcrnal 
thjToid adenoma. It was for this re.ason, 
that a bas-al metabolic rate determination 
and a chest Roentgen ray plate were ob- 
tained. The metabolic rate was found to 
be plus 229c, f^od there was no substemal 
thyroid lobe visible. However, the Roentgen 
ray plate showed a considerably widened 
first portion of the aorta, which may have 
been the cause of the increased dullness 
beneath the upper sternum, and verj’ marked 
erosion of the inferior border of all ribs. 
Thus, the Roentgen ray findings, not the 
combined efforts of all clinical attendants, 
e.=!t.ablished the diaenosis of coarctation of 
the aorta. 

■When the c.xamincr is impressed with 
considerable obesity in a patient whose 
blood pressure he found to be abnormally 
high, he will do well not to diagnose 
arterial In-pcrtcnsion unless the blowi 
pres.sure remains high after a/lerjuate rc- 
ductinn of the patient's Imdy weight. He 
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will, however, distinguish that type of 
hypertension which is associated with 
obesity of a characteristic distribution, 
hirsutism, abdominal striie, and, possibly, 
other manifestations of Cushing’s disease. 

Precordial auscultation in a patient vath 
high blood pressure often elicits the con- 
comitant accentuation of the second aortic 
sound. During subsequent e.\'aminations, 
the blood pressure may, of course, vary 
from time to time. If the unduly loud 
second aortic sound remains constant, the 
persistence of this auscultatory observa- 
tion, regardless of the variation in blood 
pressure level, connotes hypertensive dis- 
ease, provided luetic aortitis and thyro- 
toxicosis have been ruled out. 

No hypertensive patient is ever fully 
examined without visualization of the 
eye-grounds. Competent ophthalmoscopic 
examination, because of its diagnostic and 
prognostic importance, if not possible at 
the hands of the e.xamining physician, 
should be requested elsewhere in each 
instance. In conjunction with other data 
derived from the study of each case, 
visualization of the eye-grounds maj’- help 
in determining not only the e.xtent of 
hypertensive vascular damage but also 
the pathogenetic type concerned. For a 
comprehensive re\deAV, the reader is re- 
ferred to the corresponding chapter of 
A. Fishberg’s “ Hypertension and Nephri- 
tis.” 

4. Urinalysis significantly reveals 
nothing unusual in uncomplicated essen- 
tial hypertension. When it discloses 
albumin in the urine, the possibility of 
orthostatic albuminuria should be ruled 
out. For the purpose of microscopic 
e.xamination, a centrifuged urinary sedi- 
ment should be obtained. It may pronde 
a clue to the role, priinarjk' or otherwise, 
of the kidneys as well as to the extent of 
the renal disease. One stresses this point 
in view of the relatively small number of 
practicing physicians who resort to the 
use of a centrifuge. 

Hcpcated urinalyses may occasionally 
Iiroduce fimlings suspicious of pyeloneph- 
ritis requiring further examination and 


urological consultation. Information so 
obtained may lead to identification and 
removal of an infected kidney with aboli- 
tion of the hypertensive mechanism. 

0. Syphilis, cardiovascular or other- 
wise, is not known to play a causative role 
in arterial hypertension. Nev'ertheless, it 
is wdse to institute serological tests in at 
least a great many cases of hypertension 
for the following reasons: The constitu- 
tional manifestation-time of hereditary 
hypertensive disease generally coincides 
Yuth earlj' middle age; so does the occur- 
rence of luetic aortitis. Both produce, at 
first, the same complaints of stenocardia 
and mild dyspnea on exertion. In both, 
there is an accentuated second aortic 
sound. On the other hand, the height of 
the blood pressure in early arterial hyper- 
tension may not be impressive enough to 
be of decisive diagnostic aid. Under such 
circumstances, negative blood tests point 
to a hypertensive process, while positive 
results establish the existence of luetic 
aortitis. Needless to say, however, one 
occasionally sees both in the same patient. 

6. Roentgen Rat Study of the Heart 
IN Hypertension yields information con- 
cerning the size of that organ. In essential 
hypertension, as in cardiorenal disease due 
to primary chronic nephritis or nephro- 
sclerosis, the left ventricle is enlarged. 
How'ever, in primary Bright’s disease the 
heart always increases in size; in essential 
hypertension, in relatively rare instances, 
it fails to show any significant change for 
a period of many years. There has never 
been any convincing explanation of this 
phenomenon. In the experience of the 
WTiter, this finding of a fairly normal 
cardiac silhouette in a case of true essential 
hypertension never justified any prog- 
nostic optimism: ultimately, the outlook 
proved to be commensurate with the sum 
total of all the otlier signs and symptoms 
of the disease. Such a finding does, how- 
ever, dictate double caution in ascertain- 
ing whetlier or not one is confronted with 
some benign form of hj-pertension not 
productive of cardiac enlargement. 

In hj-pertensive patients a Roentgen 
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ray plate of tlic chest is preferable to 
fluoroscopic examination. It is valuable 
I)y comparison with pre\-ioHs as well as 
with subsequent roentgenograms. Also, 
one is not likelj’’ to visualize fluoroscopic- 
aliy erosions of the ribs in coarctation of 
the aorta or inconspicuous foci of aortic 
sclerosis. For forensic purposes, too, the 
Roentgen ray plate is b^' far the more 
eloquent record. 

7. An Electrocaediogram showing a 
moderate de\dation of the electrical axis 
or mild slurring of the main deflections 
offers no aid in estimating the heart's 
share in the consequences of hypertensive 
disease. A high voltage electrocardiogram 
alone testifies, at times, to a long-lasting 
hypertension known to ha^'e a mortality^ 
of about 40%. E.xtensi^’c T-wave changes 
in the 1st and 2nd leads, in the absence of 
digitalis medication, gross alteration of 
the QRS complexes with delayed intra- 
^•entricular conduction, or the electro- 
cardiographic counterpart of pulsus alter- 
nans, indicate the existence of serious 
structural lesions and are not a good 
prognostic omen. linfortunately, one 
meets altogether too often with a profuse 
indulgence in the stereotyped terminology 
of " myocardial damage" without any real 
foundation in the tracing: such loose 
“interpretation” mu.st be fliscouraged. 

Successive electrocardiographic records, 
like Roentgen ray plates taken at reason- 
:ihlc intervals, nuiy he of considerable 
value in demonstrating co7isistcntIy pro- 
gre.‘isive changes of signific.ancc. The 
examiner wall do well, therefore, always 
to compare a tracing taken of a new 
patient with a prexdously obtaine<{ electro- 
cardiogram, if available. 

S. NiTROGi.YCEnrxE Test. The revers- 
ii)ility of high blood pressure is naturally 
the olqcct of immediate concern to the 
t'xumhier. One u.^^ed to hear in the p.ast 
from some formidable clinicians how for- 
ttmatc it w:is for the hypertensive patient.^ 
tl at physician.s difl not have it in their 
{xnver to lower their blood pre.-'iire. Yet. 
in the natural eoun-e of pathological 
eveiU.<. sneh as following a (.*Tebrai or a 


cardiac vascular accident, one occasionally 
secs a patient with a lasting spontaneous 
reduction of the blood pressure not in the 
least to his harm. Conversely, there is 
good reason to e.xpect vasospasticity of 
long duration to bring about in some vital 
organs a vise-like constriction of the vasa 
vasorum running along vithin the arteri- 
olar walls, with impairment of nutrition 
and necrosis of arteriolar tissue. 

For the purpose of testing the fixed or 
flexible nature of the patient’s hyperten- 
sive level, the writer has, for several years 
past, routinely employed nitroglycerine 
sublingually, from 1/200 to 1/100 grain, 
depending on the body weight of the 
patient. No untoward effects have oc- 
curred. The method has tlie advantage of 
brex’ity. It obviates the need of resorting 
to more complicated depressor tests. It 
oft’ers the same information within a 
period of about 5 minutes. When the 
patient is told, in advance, of the ensuing 
cerebral manifestations of the nitroglycer- 
ine effect, he accepts the assurance of their 
fleeting occurrence with equanimity. 

9. E-xkrcise Toeera.vce Test. For 
the purpo.se of testing the patient’s exercise 
tolerance, no special devices are needed. 
With the blood pressure cuff attached to 
the arm, the patient is observed before 
and after brusque change from the supine 
to the sitting position repented 25 times 
or less on the e.xamining table. This pro- 
cedure would seem to be simpler, but no 
less instructive, than hopping on the floor 
or negotiating a d-step footstool. 

10. Kidney FuNCTro.v Test. Ordin.ar- 
ily, it .siiffice.s to limit examining renal 
function to the concentration test and 
the estimation of liie excretion of phenol- 
sulphonephthalein. Both are easily carried 
out without the need of referring the 
patient to any institution or laboratory. 

1 1. UnoGnAriiY. In the absence of any 
in.stance of hypertensive disea-‘''e in the 
family. an<l without any objective evi- 
dence mrirerning the p.athogenesis of the 
pa.ticnl'.s sustained hy{KTten?ion, extensive 
nrohigif.al investigation is matid.aforv-. 
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Ureteral catheterization should be em- 
ployed in order to: (1) Secure urine from 
each side for microscopic and cultural 
studies; (2) test the secretion of phenol- 
sulphonephthalein from each kidney; (3) 
obtain retrograde urograms. Probably, 
not enough cooperation between the 
physician in charge and the urologist lias 
been cultivated hitherto for the benefit 
of obscure cases of arterial hypertension. 
The urologist’s help is not requested often 
enough. 


Summary. The finding of high blood 
pressure in a patient is a challenge to the 
examining physician. It imposes on him, 
in each case, the obligation to attempt 
etiologic study, classification, and overall 
appraisal of the pathologic process in its 
entirety. 

For this purpose a suitable plan of 
bedside and laboratoiy examination is 
indispensable and should be adopted as a 
necessary routine. An outline of such 
examination is here discussed and proposed 
for consideration. 
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ever, and was discharged on Dec. 7, 1946, 
to be followed as an out-patient. 

He was seen 1 week later, and seemed to 
be doing well, but shortly thereafter edema 
recurred, and he staj'^ed in bed at home. 
Three weeks before the second admission 
(about 3 months after leaving the hospital) 
he developed hemoptysis, followed by pain 
in the left chest, severe dyspnea, cough and 
increased weakness. He was readmitted on 
March 21, 1947. Hemoptysis was consider- 
able, and pulmonary infarction was sus- 
pected. The patient was in marked conges- 
tive failure, and soon developed jaundice. 
The Van den Bergh test gave an immediate 


gested (Fig. 2), The pressure in the left 
chest was found to equal 700 mm. of water. 
On aspiration, 2000 cc. of air and 180 cc. of 
dark bloody fluid were removed. 

The positive pressure pneumothorax was 
not controlled by repeated aspirations of the 
left chest or by supportive treatment. The 
patient died 4 days after admission, about 
5 months after the clinical onset of congestive 
failure. 

Autopsy. The body was that of a well- 
developed well-nourished colored male, with 
a moderate degree of jaundice. Both legs 
showed pitting edema extending to the groin, 



Fig. 1. — Roentgenogram pf the chest on first admission. The heart is enlarged and shows left ven- 
tricular preponderance. Tiie lungs exhibit slight evidence of congestion and there appear.? to be tliick- 
oned pleura or effusion in the right pleural cawty. 

direct reaction, and senun bilinibin was 
found to be 6.8 mg. per 100 cc. The blood 
urea nitrogen rose progressively to 98 mg. 
per 100 cc. The right leg was more swollen 
than the left, but other signs of phlebo- 
thrombosis were absent. 

Three days after admission, Roentgen ex- 
amination showed signs of a left pneumo- 
thorax Avith collapse of the left lung, and 
the presence of fluid at the base. The 
mediastimnn was shifted to the right. Areas 
of decreased dcnsit.v Avere seen in the region 
of the left loAA'er lobe; the loAA-er part of the 
right^ lung appeared consolidated and the 
remainder of the right lung markedlj' con- 


the right leg being considerably more swol- 
len than the left. 

The left pleural cavitj' contained air under 
tension, and 600 cc. of bloody fluid. The 
left lung was attached to the apical parietes 
by a dense fibrous band. The right lung 
was adherent on all sides by fibrous bands. 
The layers of the pericardium were thick- 
ened and eATrjTS'hcre firmly adherent. 

The heart weighed 590 gm. The left 
ventricle was dilated and hypertrophied, and 
contained small old adherent mural thrombi. 
No cAidence of myocardial infarction was 
noted, however. The chordse tendinm of 
the mitral A'ah'e were thickened and fused. 
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The aortic cusps were thickened and calcified was almost completely collapsed. There 

and fused, and their free edges were rolled was infarction of the entire left lower lobe 

inward. The valves appeared to be both caused by a large embolus, broken off throm- 
stenotic and insufficient. bus, which completel.v occluded the princip.al 

The upper lobe of the left lung (Fig. 4) arterj' to the lobe. The entire lobe was 



Fio. 2. — KoeatciaiORrnm of the .“liortly before de.ath. There is collapse of the left lutiK iis'o* 
ciated with almost complelc left pneumotlior.ix. .At the base of the left hint: arc several are-a-s of de- 
creased density. These proved to be dne to air in the liquefied portions of the infarcted loft lower lobe. 
There is a collection of pleural fluid on the left. The rieht hinc is markedly concested and there are 
some arc.ns of consolidation in the lower hinc field. 
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bulky, solid and dark blue-gray on its outer 
surface. The cut surface was firm and dark 
red in color. The lower and anterior portion 
of the lobe was occupied by a large ragged 
cavity, which communicated with the pleural 
space by a wide circular opening measuring 
6 cm. in diameter. The interior of the cavity 
was filled with clotted blood and soft debris. 
Another, smaller cavity, 3 cm. in diameter, 
was found in the interior of the upper por- 
tion of the lobe, the remainder of which had 
the characteristic appearance of a hemor- 
rhagic infarct. 


Microscopic studj^ of the various organs 
added no information to the gross examina- 
tion. Of particular interest is the absence of 
bacteria in the softened areas of the pulino- 
naiy infarct, indicating its aseptic character. 

Comment. A number of unusual fea- 
tures occur in this case, namely the large 
size of the pulmonary infarct, the aseptic 
character of the softening, its rupture into 
the pleural ca\-ity with the causation of 



I'lG. 4. Left Iviuji. Note aseptic softeninp of the infnrrtod lower lobe. A (■ii culur opeiiiiip on the 
plournl surface, G cm. in diameter, le.'ids into a rapped walled ravitv in tbo left lower lobe, whicb i.s 
completely infnrcterl. The cavity is fdled with dCbris and clotted blood. 


The right lung contained several .smaller 
infarcts in its middle and lower lobes respec- 
tively. The other organs showed passive 
congestion, which was verj- marked in the 
kidjio\'.s. In the right femoral and iliac 
veins was a large adherent antemortem 
thrombus, presumably the site of origin of 
the emboli. 


hemopnenmothorax, the jaundice and the 
high blood urea nitrogen. 

It is well known that the size of pul- 
monary infarcts may vary “ from a diam- 
eter of about 1 cm. to such a size as to 
occupy almost the whole of a lobe.’’^ In 
this case the entire left lower lobe was 
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infarcted omng to occlusion of its main 
arter}\ 

The ordinary course of events after the 
occurrence of pulmonary infarction (pro- 
vided the patient sur\'ives a sufficient 
length of time) is gradual organization of 
the infarct resulting in a fibrous scar. In 
very rare instances, however, the necrotic 
area may undergo aseptic softening with 
resulting capitation;*’" the present case is 
an example of this unusual outcome. 


in the right base are rather typical of the 
appearance seen when infarcts occur in a 
markedly congested lung, as pve have 
observed them in several similar studies 
by postmortem roentgenograms. The 
mottled areas of decreased density in the 
left upper lobe proved to be due to partly 
aerated lung. The similar but more 
sharply defined areas seen in the left 
lopver lobe were due to air pvithin the 
liquefied portion of this infarcted lobe. 


T-pbi/E 1. — Ax'abttsis or D.ata or Reported Cases 





Underljan^ 

Source of 

Location of 

Siie of 

Sire of 

Time of oc- Tension 
currcnccof pneumo- 

rieumJ 

Case 

Sex 

Age 

condition 

embolism 

infarct 

infarct 

perforation 

perforation 

thorax 

fluid 

Kayasbi* 

No. 7 

.M 

37 

Cardiac infarct 

Rt. ^'cnt. 

nu. 

Larse 

I>arj:c 


Ym 

ScrofibriD. 

Hflvashi* 

.Vo. 8 

F 

40 

Vepbritis, If {.rent 
fcypcrtr.jfkeura. 
mitral dis. 

Los 

RUL 





Serofll^'n. 


r 

37 

Coronar>* dis. 

Lc^C) 

R 

Size of a 
nut 

.^izeof a 
lentil 

J3 daVTi 


Serous 

Daniels^ 

.M 

20 

Typhoid 

Lcs 

L 




Yes 

None 

Risers* 


44 

Hyperten. bt. dis.. 
card, infarct, 
aptcaloncurjTm 

Rt. vent. 

RLt. ILL, 
R.ML 

4x4x3 

cm. 

.Vf 

P da) ? 

So 

Serous 

Rax! 0 D and 
Cocke 

M 

39 

Rheum, aortic dis., 
fctnoral phicbo 
tbrombesis 

Uz 

i.a 

Entirtj 

lobe 

r> cm. 
(diam.) 

3 

Y« 

Bloody 


* Ro »u(op<y. 

t Perforatioa cot dcmoastntM at aufopsj’. 


Jaundice is stated to be an occasional 
complication of pulmonary infarction, and 
apparently is a result of hemolysis within 
the infarct superimposed upon a lip'cr 
functionally impaired by congestive fnil- 
urc.-’" The elevated urea nitrogen noted 
in this case probably can be exphiincd 
upon the basis of the release of nitrogen- 
ou.s products from the infarctetl area, and 
the functional impairment of the kiilneys 
owing to chronic passive congestion. 

The roentgenological features are of 
interest. The soft ill-defined character of 
the .‘■liadow.s c.'ist by the recent infarcts 


Summary. 1. A case is reported of a 
39 year old colored nude who developed 
complete infarction of the lower lobe of 
the left lung suijscqucnt to long-continued 
jja-ssive congestion. Tlic precipitating 
cause for the infarction was lodgement of 
an Aseptic thrombus from the right iliac 
vein. The infarct rapidly underwent jisep- 
tic .softening with con.sequcnt ruj)ture into 
the pleural sac, leafling to hemojjiuauno- 
thorax. 

2. The course of events outlined is ex- 
tremely rare, only o previous cases Iciving 
been found in the worhl's literature. 
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SIGNIFICANCE OF CLINICAL FINDINGS IN CIRRHOSIS OF 

THE LIVER 

A Study of 93 Autopsied Cases 


By Joseph Hoffman, M.D.* 

former resident intern, city hospital 

AND 

James R. Lisa, M.D. 

PATHOLOGIST, CITY HOSPITAL; CLINICAL PROFESSOR OF PATHOLOGY, NEW YORK MEDICAL SCHOOL 

NEW YORK, NEW Y'ORK 

(From the Medical Services and the Laboratory of Pathology, City Hospital, Welfare Island, 

Department of Hospitals) 

Table 1. — Pathologic Findings 


This study is an analysis of cases of fatal 
Laennec cirrhosis of the liver that came 
to autopsy at the New York City Hospital 
in the 26 years from 1920 to 1945, with a 
comparison of the clinical and pathologic 
findings in the older and the more recent 
cases. Among 5916 autopsies reviewed, 
there were 93 cases in which the death 
could be directly attributed to cirrhosis. 
Patients ^yhose hospital stay was less than 
24 hours were not included, unless an 
admission diagnosis of Laennec cirrhosis 
had been made. The records were divided 
into 2 groups. Group 1 consisted of 
37 cases, dying betv'een 1920 and 1934; 
Group 2, of 56, between 1935 and 1945. 

In both the earlier and the later group, 
the pathologic anatomic findings w^ere’ 
those classically found in cirrhosis, fre- 
quently with fatty metamorphosis and 
superimposed acute hepatic damage. The 
spleens were enlarged, wdth increased fibro- 
sis, perisplenitis or chronic congestion. 
Thrombosis of the portal vein was found 
in 1 case. Because of the similarity of 
the lesions in all these patients and ad- 
herence to the classical pictures, only the 
weights of the liver and spleen and the 
presence of collateral circulation were 
tabulated. In Group 1 , the average weight 
of the livers was 1324 gm. and tlie mean 
weight of the spleens was 332 gm. There 
was anatomic evidence of collateral circu- 
lation in 35%. In Group 2, the livers 
averaged ITOS gm., the spleens 307 gm. 
and collateral circulation was found in 
66 %. These data are tabulated in Table 1 . 

* At present on duty nt V. A. 


Group 1 Group 2 

Liver 1324 gm. 1798 gni. 

Spleen .... 332 gm. 307 gm. 

Collateral circulation 35% 66% 

Race, Sex, Age. As might be expected 
in a city with a cosmopolitan population, 
the patients were of various backgrounds 
and occupations. As far as race is con- 
cerned, however, there were 7 Negroes and 
86 whites, a ratio of 1 : 12. This is a smaller 
percentage than found by Kirschbaum and 
Shure,"* who reported a ratio of 1:6. 
Moon’s® report to the International Soc- 
iety for Geographic Pathology showed 2 
whites to 1 Negro. The average age in the 
entire series was 54, the average age of 
both the earlier and the later group falling 
in the 6th decade. This agrees with the 
findings of most investigators that cirrho- 
sis is a disease of middle life. Sex differ- 
ences showed an increasing number of 
female cirrhotics in the later group. In 
the entire series, there were 39 females 
and 54 males. In Group 1, the ratio of 
males to females was 1.8:1; in Group 2, 
the ratio dropped to 1.1:1. These data 
are tabulated in Table 2. 

Table 2.— Analysis of Race, Se.v and .Age 


Race Sex 



W 

C 

.M 

F 

.Age 

yrs. 

Group 1 . 

. 34 

3 

24 

13 

53. S 

Group 2 . 

. 52 

4 

30 

20 

54.1 


Clinical Data. E\ddence is steadily ac- 
cumulating that dietary deficiencies are 
important factors in the etiology of hepatic 
cirrhosis.^ In this series, the state of 

Hospital, Lyons, New Jersey. 
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nutrition was compared in the 2 groups. 
It was found that in the earlier studied 
group, 2.3 patients (G2%) were poorly 
nourished, whereas 17 (30%) of the sec- 
ond group were in a state of poor nutrition. 
The use of alcoholic beverages was like- 
wise investigated. Of the total number, 
61 were either heavy or moderate drinkers, 
8 were teetotalers and the habits of the 
remaining 24 were unknown. 


titc, jaundice and weakness were present 
more frequently in the second than in the 
first group. .Jaundice was more frequently 
found by observation, 46% of the early 
and 64% of the later group. 

The most significant finding, however, 
was the difference in the occurrence of 
hemorrhage. 3Yhereas only 30 % of Grouj) 
1 complained of some hemorrhagic phe- 
nomenon, 52% in Grotip 2 had epi.sode,s 


Tablk .3.— Cunicai. Data— Raxof. of Ixcidk.vce i.v % 
T’rom liKtorj* Phy.*icn1 



Oroup 1 

Grotip 2 

Group 1 

Group 2 

Nutrition — Good 



14-3S 

39-70 

Poor 

. , . 

, . 

23-62 

17-30 

••Vseites 

22-59 

32-57 

29-7S 

42-75 

Pain 

. 19-51 

26--I0 



Dyspnea .... 

. 13-35 

17-.30 



tVeicht loss 

. 11-30 

19-34 



Nausea and vomifinK 

14-30 

24-43 



Pedal edema 

. 10-43 

19-34 

13-35 

22-39 

.-Vnorexia 

11-30 

23-41 



Jaundice 

10-27 

21-.3S 

17-40 

.3(;-tM 

Wcakno.ss 

11 -.30 

21-3S 



HemorrlniKe 

CoUatora! circulation — 

11-30 

29 -.52 

11 30 

;!2-.57 

/u rtro . 



15--U 

24 -43 

At necropsj' 



13-.35 

41-00 

PalpaWe liver 



25-OS 

42-75 

Paipnhic .spleen 



9-2-) 

10-IS 


Of the other symptoms and objective 
findings noted in the clinictil records, only 
those which occurred in more than 25% 
of case..! were used for analysis. ICxecpt 
for cough, which was present in 18%, all 
the other findings were scattered items 
which could not be compareti in the 2 
groups. The most frctiuent couiplaint and 
the catisc of hospitalization was asciti-s, 
presenteil i>y 5S% of the entire scries. 
Moreover, the incidence w;ls nearly identi- 
cal in both groups, .30% in Group 1 and 
57% in Group 2. On phy.sical examina- 
tion. le^cites was found even more fre- 
quently, 7.8% in the first and 75% in the 
.'cconii gnmp. 

The next most common (-omplaint was 
abdotninal pain or di-tri-ss and was almut 
equally distri!mte<l. 51 % in Grraij) I ,nnd 
16% in Group 2. Dyspnea. !o-> of v.eight. 
n.iU'ca ami vornitinc ocrurre<i Im- often 
but it! the relative dj.-tribution in 

both c-nnp,-. IVd.d ed( nua more fre- 
quent in th- early •..•roup. f<" of app- 


of bleeding. This was further sultstJinti- 
ated by the jthysicnl findings and at 
autop.sy. .\natomic evidence of collatcnd 
circulation w.as found in 35% of Group 1 
and 66% in Group 2. 

A palpable liver anti spleen were found 
in about the s;ime projtortion in both 
groups. The clinical data are summarized 
in Table 3. 

Lubf^nilorii Data. Liver function te.-t' 
have come into genend ti.-e only in the In'.! 
15 years or so, therefore there are few data 
in this fielfi in Group 1. The tests to in- 
analyzed in Groiij) 2 are the icterus index, 
senim eholestero! ami cholmterol e-,ter‘. 
iimi the senim albumin and globulin ratio. 
Of tiie other test.s, there are insuflieiciit 
numlwrs u> warrant tinaly-i^. 

The icteni- index wa- »ii-term!ned in 
37 ca-ts. In -5 in.-tam-e., the {jmling- were 
noniial. tlie highe-t ficure ..>.•!- I'i'/I and 
th<" average wa- f'/I, 

Ttie -.■rum f ! (.I'-.Tero! nr;d el.i.!, tere’ 
»-.ter- '.'.ere <h t. mure <1 in 2! e;t-. ■ n.' 
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total cholesterol values were normal (150 
to 250 mg. %) in 8 instances, low (below 
1 50 mg. %) in 14, and high (above 250 mg. 
%) in 2. The cholesterol esters were low 
flielow 60% of the total) in 20 of the 
24 cases (83%). Of the 4 cases with nor- 
mal fractionation 2 had total cholesterol 
beloAV normal limits, in 1 the total was 
above normal and in 1 both total and esters 
were normal. In 23 of the 24 cases, there- 
fore, the cholesterol-ester results were of 
significance. These data are summarized 
in Table 4. 

Table 4.— Cholesterol-Cholbsterol 
Ester Findings 

Total cholesterol 

Esters Low High Normal 

Below 60% ... 12 1 7 

Above 60% ... 2 1 1 

The lowest normal limit for the albumin- 
globulin ratio regarded as normal in this 
institution is 1.3: 1.6. In this series the 
test was performed on 21 patients. The 
average ratio was 1:1.1 and the average 
total protein 5.12 gin. In 14, the A-G 
ratio was either less than the lowest limit 
of normal or the total proteins were under 
5.5 gm. 

Blood urea nitrogen or non-protein and 
sugar levels were estimated in most of the 
entire series. The sugar levels were usu- 
ally normal. In Group 1, the average 
urea nitrogen was 24.6 per 100 cc.; in 
Group 2, the non-protein nitrogen was 
35 mg. per 100 ce. 

Erythrocyte counts were done in 29 in- 
stances. Only 5 were above 4 million. 
Of the 34 hemoglobin determinations, 26 
were below 12 gm. Fiftee.n of 26 patients 
had a color inde.x above 1. Only^T of 
30 patients had a white blood count below., 
10 , 000 . 

Discussion. The early group, from 
1920-1934, represents a more advanced 
stage of cirrhosis than the later group of 
1935—15. The livers Averc smaller than 
the normal weight of 1450 to 1750 gm. 
given by Pici'sor and the state of nutri- 
tion was worse. The reason for this differ- 
ence in the 2 groups is not apparent. 

It is of interest to comiiare some findings 


in the 2 groups. Ascites ivas the most 
common presenting symptom in each 
group, occurred in the same relative pro- 
portion and its presence was equally 
demonstrable by physical examination. 
Three of every 4 had ascitic fluid when 
first observed. Lucke® also found in a 
study of early fatal epidemic hepatitis 
that ascites was a common finding. 
Ascites, therefore, tends to occur early 
in the disease and is not, as the older 
teaching held, a late manifestation. 

The mechanism of its production is 
complex and still a matter of contrOATrsy. 
It is generally said that it is due to a 
diminution of the colloid osmotic pressure 
folloAving a change in the plasma proteins, 
and also to portal hypertension folloAving 
increasing obstruction to the blood floAv 
through the liA^er. In the present series, 
the protein level AA^as determined in 21 
ascitic cases. In 14 (67 %) the A-G ratio 
AA^as less than 1.3:1 or the total proteins 
Avere less than 5.5 gm. In the same 
group, 20 of the 21 cases (95 %) had either 
an enlarged spleen or anatomic evidence 
of collateral circulation. In the entire 
series, 71 had ascites and 59 of them had 
splenomegaly. Of the remaining 12 Avith 
small spleens, 4 had Avarices. In other 
AA’ords, 90% of all the ascitic cases from 
1920-1945 had CAudence of portal hyper- 
tension and obstruction to the hepatic 
circulation. In Lucke’s series, ascites 
often appeared before a drop in the total 
proteins and the spleens in the ascitic 
cases AA'ere enlarged tAvice as often as in 
the non-ascitic. ScA'eral Avorkers haA'e also 
shoAA-n that there is no constant relation- 
ship betAA'een colloidal osmotic pressure 
and the leA'el of the plasma protein.^ It 
is justifiable, therefore, to conclude that 
portal hypertension has a greater influ- 
ence in the production of the ascites than 
does hypoproteinemia. 

Jaundice Avas frequent and sometime.s 
severe. As an early complaint, it Avas 
somewhat more common in the second 
group, but objectively it was very com- 
mon, AA-as found in almost half of Group 1 
and tAA'o-thirds of Group 2. The higher 
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levels were always associated with a 
greater degree of acute hepatic damage. 

The greatly increased incidence of hem- 
orrhage in Group 2 is difficult to explain, 
but this feature has been noted by other 
observers. 

Of the 3 liver function tests, the most 
delicate appeared to be the cholesterol- 
ester fractionation. It was disturbed, with 
a drop in the ester component, in 96 % of 
the cases. It gave e-vidence of hepatic 
damage at an earlier stage than either 
the albumin-globulin ratio or the icterus 
index. 

Summary and Conclusions. 1. Ninety- 
three autopsied cases of fatal Laennec 
cirrhosis of the liver are analyzed. They 


were dmded into 2 groups: one, of 1920- 
1934, presenting a late stage of cirrhosis, 
and a second, of 1935-1945, presenting an 
earlier stage. 

2. Ascites was as common in the early 
as in the late stage of cirrhosis and appears 
due to obstniction of the hepatic circula- 
tion rather than due to hj’poproteincniia. 

3. In the more recent group presenting 
excessive stages of cirrhosis, hemorrhage 
was found much more frequent than in 
the group representing an older cirrhotic 
process, for reasons that were not ex- 
plained. 

4. The estimation of the cholesterol 
fractionation was one of the more delicate 
tests of hepatic function. 
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In previous communications from this 
laboratory^”"^'* it has been reported that 
injection of inactivated influenza virus 
into the allantoic sac of the chick embryo 
may prevent the propagation of subse- 
quently injected active virus. Similar ob- 
servations have been made by others.^ 
In these studies the conditions for the 
optimal production of interfering prepara- 
tions have been analyzed Irradiation 
by ultraviolet light gave more consistent 
results than heating to 56° C. or formalin- 
ization of the virus and the former pro- 
cedure was therefore adopted for further 
studies.^* It was found that the reaction 
is non-specific in that it occurred between 
the serologically distinct types of influ- 
enza A and as well as between the 

influenza viruses and biologically non-re- 
lated agents such as the viruses of western 
equine encephalomyelitis,*® epidemic kera- 
toconjunctivitis'® and mumps.*® It was 
shown by various physical and serologic 
means*'* that the interfering agent was 
identical with the inactivated virus par- 
ticle. In these various studies little or no 
information has been gathered in regard 
to the reactions of the host cells. In the 
present paper some experiments will be 
related which tend to fill this gap. They 
were concerned with the localization of the 
interference reaction, the speed with which 
the changes are induced and the duration 
of the altered stage, the effect of irradiated 


virus on the development of the host and 
the adsorption of the inactivated agents 
on to the host cells. 

Methods and Materials. The essential 
techniques employed in the interference ex- 
periments have been described in detail in 
pre'vious papers of this series.**”*^ The tech- 
nique of the hemagglutination test has been 
modified during the course of these experi- 
ments. In the earlier tests the method of 
Hirst and Pickels®® was used ; in later experi- 
ments the “pattern test” was employed as 
described previously.*^ For the experiments 
on the adsorption of hemagglutinin on to 
the cells of the allantoic sac the technique 
of Miller and Stanley®^ was adopted. 

Experimental. Localization of the In- 
terference Reaction. It is generally felt 
that the interference phenomenon is caused 
by certain changes either on or within the 
host cells due to direct contact of the cell 
with the interfering agent. The conditions 
encountered in the chick embryo permitted 
a test of this hypothesis and the results 
reported below serve to substantiate its 
validity. It was found that injection into 
the allantoic sac of infected allantoic fluid 
which had been dialyzed and irradiated 
by ultraviolet light for 3 minutes produced 
interference only ■vinthin this structure, 
whereas the amniotic caHty remained fu.ly 
susceptible to infection by active influenza 
x-iruses. The reverse experiment, the in- 
troduction of irradiated xirus into the 


• Tho work described in this paper w.as done under a crant from the United States Public Health 
beriTco. 
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amnion with subsequent infection by the 
amniotic or allantoic routes, gave less 
clear-cut results. This difference in the 
results was caused by the fact that injec- 
tion into the amnion can be made only by 
passing the needle through the allantoic 
cavity. This leaves an open communica- 
tion between the 2 ca^ities which permits 
subsequent e.xchange of either irradiated 
or active virus. ^Mien these effects were 
minimized by using amounts of the agents 
close to the minimal effective doses the 
results become more uniform. A summary 
of several experiments is presented in 
Table 1. They show, then, that interfer- 
ence is noted only locally and no general- 
ized protection is obtained by this means. 


A simpler, and perhaps more accurate, 
method was used in later experinicnts. 
This involved the use 'of potent homolo- 
gous immune serum, against the PKS 
strain, for instance, for the interruption 
of the process of adsorption on to the host 
cells of the homologous irradiated virus. 
The state of interference was then meas- 
ured by the injection of active heterolo- 
gous \'irus such as the Ia>e strain. An 
experiment of this type is shown in 
Table 2. As can be seen, 0.2 ml. of anti- 
PRS immune rabbit serum injected simul- 
taneously with 0..5 ml. of irradiated PRS 
virus prevented interference with the 
active Lee virus (0.2 ml. of a 10~* dilution) 
given 2 hours later. Normal serum di<i 


Taiii.e 1 . — The IvrERFEni.vo Effect Caused by Iihevdiated Infi.uks-za Vines— .\ LncAi.irr.n 



O.ve O.vi.y: 

A SC-MMARY OF 

3 ExPEni.ME.\TS 


k H A ^ f n T 


*^n/l tntA^tinn 

Rf^ulU of hrmncdutinrition IS ho»ir« 

ftftcr 2nd injf*ction 

jiSv injrciivJvt 



A 1 rai f* 


Malcrifil 

Route 

Ctvvivv % 11 tin 

route 

fluid 

•itlllliiUvJC 

fluiil 

None 


Allantoic 

Po.»itive 

Negative 



.Amniotic 

Positive* 

Positive 

Normal allantoic fluid ir- 

Allantoic 

Allantoic 

Positive 

Negative 

radiated for 3 minutes 


Amniotic 

Positive* 

Po.sitivo 


.Amniotic 

Allantoic 

Po.'itivc 

Sometimes positivet 



wVmniotic 

Positive* 

Positive 

Infected allantoic fluid ir- 

.Allantoic 

Allantoic 

NcK.ativc 

Negative 

radiated for 3 minutes 


.Amniotic 

Negative 

Po-itivo 


.Amniotic 

-Allantoic 

U-'U-ully positivet 

Negative 



Amniotic 

Usually negative*! 

Negative 


• Conlaminatotl nwsilc pai-os throURh nU-antoio sac in order to reach nniniotic .'■nc; tliis deiio-its 
cno'jsh aartis to cause infection in practically all allantoic sacs. 

t Infection from allantoic cac throufth hole left by first injection into amniotic fac, 

1 fete necative reactions possibly cau“ 0 <l by backflow of irradiated Yiru* from amniotic r ic into 
allantoic cavity. 


Th- Sfi^rd With ]Vhirk lutrrffn'nrr 
Iitilnrril. It hits been shown previously 
that interference in.'iy Ik' induced rather 
rapidly in the allantoic sac of the chick 
embryo.'- When 12 day old embryo- were 
injeeted with 1 ml. amounts of irntriiateil 
virus while the allantoic sac wa- ilnshetl 
with bufTerts! .-aline solution at a rate o; 
alxnit 1.') to 2n ml. p-r minute for 10 to 
20 -mimitt-s. th>- ti-st;*- was found to t»- 
n-ist.ant M .siil-.-ju.-nt infeetion with ae- 
ti%e viru- even thou;:’:! the irintaet of th.*- 
!:o-t eel!- with tic- irTadi-',!.-! vim- h.a- 
t-'e-i '.erv brt-'f. 


not afTccl the interference reaction. When 
the immune .-enirn wa- given I minute 
after the irnuiiaterl vini- the interfering 
agent w:m no longer infereejited. ■■o tiiat 
the subsef|uently admini'tereii aetive in- 
lliienzn 11 vinis failed to projiagate .siifli- 
eiently to dcveloji mea-iinible rjiiantiti'-- 
of hernairvlutiniii'. In another e’,j,,.ritnefit. 
the interfering aetivit'. v.a- -till pirtiall/ 
intern'ptefi by serum inj— ted 1 ttiiiuife 
after the irradi.'.ted virU' .'lud ritily jurtia! 
interference wa,- tditaired. fti fie- -atce 
etp-rirr;er;t. hov e-, ir. th- rnr, gi-.-ti 
after r: minuti-- f.-til-d to pr>-.etit inteff'-r- 
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enee in that experiment. The hemagglu- 
tinin titers of 1:64: found by the pattern 
test in the groups injected with irradiated 
virus followed by normal serum repre- 
sented residual, non-adsorbed irradiated 
virus, since the controls not injected with 
Lee virus showed the same titers. In ad- 
dition identification of these hemagglu- 
tinins with known immune sera proved 
them to be of Type A. These residual 
hemagglutinins were neutralized in the 
groups of eggs injected ndth the anti-PR8 
immune serum. This serum in itself did 
not inhibit the growth of the Lee virus, 
as can be seen in the results obtained in 
control eggs primarily injected with nor- 


was left free in the allantoic fluid of the 
injected egg. It was conceivable that 
such amounts of residual, non-adsorbed 
virus could account for the prolonged pro- 
tection. Therefore, these experiments 
were modified as follows; 0.5 ml. of irra- 
diated allantoic fluid (PR8) was injected; 
after 1 hour, 0.2 ml. of specific immune 
serum (anti-PR8) was injected to neutra- 
lize the unadsorbed particles of virus re- 
maining from the first injection. When 
eggs thus treated were infected ndth 
0.2 ml. of a 10~® dilution of active heter- 
ologous virus (Lee) 2 to 6 days later^ it 
was seen that no measurable concentra- 
tions of hemagglutinin were produced 


Table 2. — Speed of Photection by Interference 


2nd injection 


iBt injection, 

Rabbit 

Interval 
between 
1st and 2nd 
injection 

inlerfeting agent 

Berum 

(min.) 

PRS allantoic fluid irra- 

Anti-PRS 

0 

diated for 3 minutes 


1 


Normal 

00 

0 

1 

00 


None 

Normal allantoic fluid ir- 

Anti-PR s 

00 

radiated for 3 minutes 

Normal 

00 


None 


None 

None 



* Residual hemagglutinins from first injection, 
t 9 out of 9 allantoic fluids positive. 


Results of 3rd injection (2 hours after 1st injection) 
Active Lee virus Control 


No. 

Hemaggl. 

Type 

No. 

Hemaggl. 

Type 

of eggs 

titer of 

virus in 

of eggs 

titer of 

vims in 

positive 

pool 

pool 

positive 

pool 

pool 

9/9t 

l:l024 

B 

0/5 

<1:2 


0/8 

<1:2 

, , 

0/5 

<1:2 


0/6 

<1:2 


0/4 

<1:2 


8/9 

i:64* 

A 

4/5 

1:64* 

A 

7/7 

i:64 

A 

4/5 

l:64 

A 

5/6 

i:64 

A 

2/2 

l:64 

A 

7/7 

i;64 

A 

4/5 

i:64 

- A... 

6/6 

1:1024 

B 

' 0/4 

<1:2 


6/0 

-1:2048 

B 

0/4 

<1:2 


0/6 . i;2048 

B 

0/5 

<1:2 


8/8 

i:204S 

B 





mal allantoic fluid. These data confirm 
the earlier observations in that they 
demonstrate that interference is induced 
rather rapidly, i. c., within 1 minute or less. 

Durafioji of the State of Interference. By 
means of a technique similar to that de- 
scribed in the previous section it could 
be determined how long the host cells were 
resistant to infection after contact with 
irradiated virus. In former exiieriments,^- 
irradiated virus was injected into the 
allantoic sac of S day old embryos and 
the active test virus was given up to 
no hours after the primary injection. In 
these experiments not all the irradiated 
virus was adsorbed by the host cells; some 


(Table 3). In other words, the cells of the 
allantoic sac were resistant to infection 
for at least 6 days following treatment 
with the irradiated \'irus. It was found 
impossible to test for resistance after 
longer intervals since the amount and 
composition of the allantoic fluid changes 
markedly after the loth day of total 
incubation of the chick embryo. 

Effect of the Interfering Virus on the 
F7mctions of the Host Cell. In the course 
of these experiments 8 day old chick em- 
bryos were employed in a number of 
instances. It was noted in some of these 
cases that follom'ng injection of the more 
potent irradiated preparations of rnrus 
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the embryonic development slowed down. 
This phenomenon was studied further. 
A suitable number of 8 day old embryos 
were candled and the e.xtent of the air 
sac and of the shadow of the allantoic sac 
were marked by pencil. After injection 
of 1 ml. of irradiated virus or normal al- 
lantoic fluid, likewise exposed to ultra- 
violet light, the eggs were returned to the 


mental period. On the other hand, those 
embryos injected with the irradiated \drus 
showed only small increments in shadow 
and this increase had occurred usually 
during the first 2 days following the injec- 
tion. In other experiments, using em- 
bryos older than S days at the onset, the 
slight additional grow'th of allantoic mem- 
brane noted in the first 2 days after injec- 


Table 3.— Persistence of Resistance Indpced by Interference 


2nd injection 


Rcault of 3rd injection 



Rabbit 

Interval 

Active Lee virus 


Control 


serum 

between ' 









1 hour after Ist nnd 3rd 

No. 

HemaggL 

Type 

No. 

Hemaggl. 

' 1st injection. 

interfering 

injection 

of eggs 

titer of 

\nrus in 

of eggs 

titer of 

interfering agent 

Agent 

(days) 

positive 

poo! 

pool 

positive 

pool 

PR8 allantoic fluid irra- 

Anti-PR8 

2 

0/8t 

<i:2 


0/4 

<i:2 

dialed for 3 minutes 


4 

0/7 

<l;2 


0/4 

<i:2 



6 

0/10 

<i:2 


0/7 

<i:2 


Normal 

2 

5/6 

i;4* 

A 

2/6 

i:4* 

Normal allantoic fluid ir- 

Anti-PRS 

2 

7/7 

i:5i2 

B 

0/4 

<l:2 

radiated for 3 minutes 


4 

8/8 

l:76S 

B 

0/3 

<i:2 



G 

9/10 

i;3S4 

B 

0/4 

<i:2 

None 

None 

2 

8/8 

i;5l2 

B 





4 

8/8 

i:612 

B 





6 

10/10 

1:384 

B 




Tj-pe 
virus in 
pool 


A 


♦ Residual hemagelutinins from 1st injection, 
t 0 out of 8 allantoic fluids positive. 



Fio. 1. — Increment in shadow of the allantoic sac in embryos injected n-ith irradiated PR8 virus (upper 
row) and with irradiated normal allantoic fluid (lower row). The tips are pointing upwards. 


incubator and candled daily for 8 days to 
measure the further development of the 
allantoic sac. At the end of the experi- 
mental period the increase of shadow de- 
veloped during the 8 days of incubation 
was blackened and the eggs w'ere photo- 
graphed as shown in Figure 1. As can be 
seen the shadow in the eggs injected with 
normal allantoic fluid almost had reached 
the tip of the eggs at the end of the experi- 


tion^of the irradiated virus usually sufficed 
to bring the shadow of the allantoic sac 
dowm to the tip of the egg. In the test 
shown in Figure 1 only 2 of the embryos 
in the experimental group had died during 
the period of the test, none in the group 
injected with normal fluid. The death 
rate of the injected embryos in similar 
experiments was usually of this order. In 
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no instance have the experiments been 
carried to hatching time. 

Attempts were made to substantiate 
these observations in this and further 
experiments by weighing of the wet allan- 
toic sacs of the 2 gi-oups of embryos. 
However, the figures obtained were found 
to be not very consistent. They depended 
on the age of the embryo at the start of 
the experiment. The results were variable 
on account of the difficulties encountered 
in separating the allantoic and amniotic 
tissues and in removing small traces of 
allantoic fluid or saline solution used for 
washing which were caught in pockets 


that these sources of error did not affect 
materially the interpretation of the re- 
sults, and this technique was adopted, 
therefore, to obtain some measure of the 
degree of inhibition of growth. It was 
found, in addition, that the weight of the 
chick in the group inoculated witli inacti- 
vated virus, was reduced as compared 
with that of the control group inoculated 
noth normal fluid. In eggs of more than 
8 days incubation at the time of injection 
of irradiated virus, the only consistent 
difference between the 2 groups was in the 
weight of the embryo. Table 4 sum- 
marizes a number of experiments showing 


Table 4. — Effect of InnADiATEU Virus ox Embryonic Development 


Inoculum 

(irrndialcd allantoic fluid) 

Period of 
observation 
Age of 
embryos 
(days) 

Strain of 
virus 

Interforcucp 

titer* 

PR8 

i:8I 

8-1 G 

norinnl 


H-IG 

PR8 

i;si 

S-17 

normal 


8-17 

PR8 

i;i40 

8-16 

normal 


S-IG 

Lee 

n.t.t 

S-16 

normal 


8-1 G 

Lee 

1:2" 

8-1 G 

normal 


.8-1 G 

Lee 

l-.Sl 

8-1 G 

normal 


8-IG 


yield of embryonic materials 
(averaRe of 8 to 10 eggs per observation) 


■Mlantoic 

membrane 

(gm.) 

Shell 
of tip 
(gm.) 

Embryo 

(gm.) 

.Allantoic 

fluid 

(ml.) 

1 3 

1 .63 

11.0 

n.t. 

1 44 

0 2G 

15 4 

n.t. 

1.4 

2.1 

12.3 

n.t. 

1.7 

0 27 

16.6 

n.t. 

0.82 

1 2 

11.3 

7.1 

1 .84 

0.25 

15.4 

2.75 

0 GG 

1 ,GG 

G.3 

8.0 

2 0 

0 45 

10.8 

2 0 

1 7 

1 1 

9.4 

8.2 

1 G() 

0 7 

12 1 

4.3 

n.t. 

1 .05 

9.3 

n.t. 

u.t. 

0 G2 

12. G 

n.t. 


* Dilution of imidiatetl allantoie fluid preventing formation of measurable amounts of hemagglu- 
tinins in 50% of the eggs, 
t Not tested. 


of the membrane. In addition the allan- 
toic sac of the eggs injected with irradiated 
material sometimes appeared quite edcimi- 
tous. A more consistent measure of the 
inhibitory effect was obtained when the 
shell of the tip of the eggs not covered by 
the shadow of the allantoic sac was 
weighed, but in that case differences in 
the thiekne.ss of the shell and loss of small 
fragment.s of shell during cutting were 
responsible for some inaccuracies. How- 
ever, since S to 10 eggs were used per 
group and since the differenees encounter- 
ed in these experiments between the 
various groujis were fairly large it was felt 


a marked reduction of embryonic develoji- 
ment by the various methods employed. 
In addition it can be seen that the amount 
of allantoic fluid remained at a liigh level 
in the inhibited eggs whereas the quanti- 
ties decreased mai'kedly in the controls. 

One series of e.xperiments .served to 
establish the fact that only allantoic fluid 
irradiated for relatively short periods of 
time gave this inhibition of growth. As 
seen in Table 5, infected allantoic fluids 
irradiated for 3 to 5 minutes gave marked 
inhibition. ^Vhen expo.sure for 15 minute.s 
was used inhibition was obtained only 
occasionally and with longer irradiation 
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the phenomenon was no longer observed. 
It is to be noted that these results of 
inactivation of the growth inhibitor coin- 
cide with the inactivation of the interfering 
property of allantoic fluid. Maximal in- 
terference was obtained with fluids irradi- 
ated for 1 to 3 minutes, little if any nith 
preparations exposed for 15 minutes and 
no effect was obtained after an exposure 
of 60 minutes.^'’’'® 


ence, on the other hand, could be demon- 
strated usually when using higher dilu- 
tions of irradiated allantoic fluid, i. c., 
1 : 81 or even 1 :243. However, the absence 
of measurable concentrations of hemagglu- 
tinins at the end of the experimental period 
of an interference test does not exclude 
the propagation of some %drus. It indi- 
cates merely that the number of suscepti- 
ble host cells was sufficiently reduced so 


Table 5.— Effect of Prolonged Irradiation on Growth Inhibitor 


Yield of embryonic matcrinls 

Inoculum (nvcragc of 8 to 10 epRS per obseiA-ation) 

(irradiated allantoic fluid) — 


Strain of 



Irradiation 

All-mtoic 

membrane 

Shell 
of tip 

Embryo 

Allantoic 

fluid 

virus 

train.) 

(era.) 

(cm.) 

(gm.) 

(ml.) 

PR8 

3 

O.SC 

0.90 

9 0 

7.7 


5 

0 70 

1 .20 

7.7 

4.5 


15 

1.24 

0.27 

11.9 

4.0 


GO 

1.43 

0.30 

11.1 

5 5 


120 

1.20 

0.60 

12.3 

5.8 

Control 


1.65 

0.37 

11.4 

4.5 

Lee 

5 

0.66 

1.66 

6 3 

8.0 


15 

1.27 

1.05 

9.0 

3 0 


120 

1.78 

0.39 

11.9 

4.1 

Control 

, . 

2 0 

0 45 

10. S 

2 0 


Table 6.— Effect of Dilution on Growth Inhibitor 

Yield of embrj'onic materials 

Inoculum ^ ^ (average of 8 to 10 eggs per observation) 


(irradiated allantoic fluid) 

Strain of 

Allantoic 

membrane 

Tip of 
shell 

Embryo 

Allantoic 

fluid 

virus 

Dilution 

(gm.) 

(gra.) 

(gm.) 

(ml.) 

PR8 

Undil. 

0.86 

0.90 

9.0 

7.7 


1:5 

0.90 

1.43 

7.8 

5.2 


lllO 

1.48 

0 96 

9.0 

7.4 


1:20 

1.45 

1,16 

9.3 

7.0 

Control 


1.65 

0.37 

10 3 

4.5 

PR8 

i;i0 

1.33 

1.43 

10.7 

5.9 


1:20 

* 

0 63 

11.7 

6.5 


i:30 

1.60 

0,81 

14.1 

2.8 


1:40 

1.96 

0.55 

15.3 

3.6 


1:80 

1.95 

0,56 

15.1 

4.4 

Control 


1.55 

0,49 

14.8 

3.4 

Lee 

Undil. 

0.66 

1.66 

6.3 

S.O 


i;i0 

1.0 

1.13 

9,8 

6.3 

Control 


2 0 

0 45 

10.8 

2.0 


* Lost by accident. 


The inhibitory activity could be noted 
only with more concentrated preparations 
of allantoic fluid. As can be seen in 
Table 6, dilution of the fluid to 1:10 or 
1 ;20, i. e., 0.1 to 0.05 ml. of allantoic 
fluid, may still produce inhibition of em- 
bryonic development. Higher dilutions 
failed to do so. Some degree of interfer- 


that the amount of \Trus produced was 
insufficient to cause agglutination of red 
cells, i. e., the infectmty titer was less 
than lO"^. 

The fact that not only the allantoic sac 
but also the chick embryos were retarded 
in their growth deserved further consid- 
eration. This result could have 2 possible 
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explanations; (a) the decreased growth 
of the membrane may affect in turn the 
embryo on account of an insufficient gas- 
eous exchange through the limited expan- 
sion of the blood-vessels of the allantoic 
sac and through the inhibition of other 
physiologic function of this structure; or 
(6) the irradiated virus may affect the 
embryo first and subsequently the devel- 
opment of the allantoic sac. This ques- 
tion was studied in greater detail. First 
of ail, resorption of materials from the 
allantoic sac appears slow and possiblj’’ 
limited to substances of low molecular 
weight.^' As will be shonm in the subse- 
quent section of this paper, after an initial 
loss of hemagglutinin from the inoculum 
through adsorption on to the host cells 
the amount of residual virus particles in 
the allantoic fluid of the iniected eggs 
remains fairly constant, suggesting that 
no further adsorption or resorption takes 
place. Another approach to this problem 
was the determination of membrane and 
embryo weights at daily intervals follow- 
ing the injection of the irradiated virus. 
The data obtained suggested that the 
membrane showed a reduction in growth 
within 4S hours before significant changes 
in the rate of the embryonic development 
were noted. Finally, experiments employ- 
ing homologous immune chicken serum 
gave results comparable to those reported 
in a preceding section of this paper. If 
the immune serum was given simultane- 
ously with the irradiated virus the inhibi- 
tor was neutralized as well as, the interfer- 
ing activity and the development of the 
i'lnbryo was unimpaired. However, when 
the serum was given 1 to 5 minutes after 
the irradiated virus so that the antibodies 
no longer intercepted the interfering acti^'- 
ity, the inhibitory effect on the develop- 
ment of the host could likewise no longer 
be neutralized. Since all free irradiated 
virus in tlie allantoic fluid was neutralized 
by the serum it is strongly indicated that 
the inhibition of growth is produced by 
the contact of the irradiated virus particle 
with the allantoic cells and that the effect 


on the embryo is secondary to the inhibi- 
tion of the growth of the membrane. 

The experiments reported in this section 
show, then, that irradiated virus may 
exert profound effects on the host cells 
leading to an impairment of the develop- 
ment of the allantoic sac and in turn of 
the embryo itself. On prolonged irradia- 
tion of the infected allantoic fluids this 
effect is destroyed, even though the virus 
particle still may cause hemagglutination 
and may still be adsorbed on to red cells 
and on to the .cells of the allantoic sac as 
will be recorded in the next section. 

Adsorption of Virus Hemagglutinin on 
Host Cells. It has been shown by Hirst^® 
that influenza \drus is adsorbed on to red 
cells and cells of the respiratory tract of 
the ferret.^® If the cells support the growth 
of the virus as in the case of the lung tis- 
sue of the living ferret, the \drus is not 
eluted but apparently enters the cells and 
multiplies. No elution has been noted in 
chick embryos whose allantoic sac was 
flushed with saline solution after injection 
of irradiated allantoic fluid mrus,^® since 
no hemagglutinin was found in the fluid 
content of the allantoic sac after an incu- 
bation of the eggs for several days. On 
the other hand, if the host cells do not 
support the propagation of the virus as in 
the case of the red cells or the cells of the 
excised respiratory tract of the ferret, the 
virus elutes after adsorption.'®’^® The 
elution of the virus from the red cells is 
accompanied by changes in the red cells 
affecting their agglutinahility by fresh 
influenza virus. This has been explained 
by the loss of "receptor spots” to which 
the virus attaches itself.’*’'® These recep- 
tors are presumably lost or destroyed as 
a result of the virus action. 

Upon injection of known amounts of 
hemagglutinins into the allantoic sac of 
10 to 12 day old chick embryos and col- 
lection of the allantoic fluids from the 
injected eggs as completely as possible 
after a certain time interval, hemagglu- 
tinins were recovered free in the fluid. 
However, there was always a deficit be- 
tween the amount injected and the quan- 
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tity recovered. This missing iiinount number of different preparations of in- 
represented, jiresumably, the amount of fected irradiated allantoic fluid are sum- 
hemagglutinin adsorbed on to the cells marized in Table 7. If the amount of 
lining the allantoic sac. The accuracy of hemagglutinin injected fell below a certain 
tlie results obtained by this technique de- level, the collected fluids were found to 
pended on 2 factors: the completeness of give negative results in the hemagglutina- 
the collection of the allantoic fluid and tion tests. In the various experiments 
the sensitivity of the hemagglutination conducted with sufficient concentrations 
test. As to the former factor, small quan- of hemagglutinin it was found that the 
titles of allantoic fluid will be retained in amount adsorbed increased with the quan- 

T.<bi.e 7. —Adsorption of HEMAGGCtiTiNiN on to the Cr.u.s or the Aedantoic Sac 


Strain of 
irradiated 
viruj- 

Time .of 
harven 
0»r8.) 

HemajiRl. 

(units 

injected) 

Hemasd. 

(units 

recovered) 

Hem.TKKl. 

(units 

ad.sorbed) 

adsorbed 

PRS 

3 

512 

202 

250 

49 


f) 

512 

221 

291 

57 


4 

25G 

80 

170 

66 


2 

25G 

102 

154 

60 


2 

198 

118 

SO 

40 


0 5 

192 

131 

61 

32 


2 

ISO 

95 

85 

47 


2 

78 5 

29 

49 5 

64 

Lee 

3 

1008 

SIS 

250 

23 


2 

12S 

13 

115 

90 


3 

128 

55 

73 

57 


2 

SO 

35 

51 

59 


2 

so 

38 

48 

55 


2 

38,5 

13 

25,5 

66 


Table 8.— Effect of Concentration of Hemagglutinin on Adsorption on to 

Allantoic Sac 


Strain of 
irradiated 
drus 

Hemaggl. 

(units 

injected) 

Hemaggl. 

(units 

recovered) 

Hemaggl. 

(units 

adsorbed) 

% 

adsorbed 

PRS 

ISO 

95 

85 

47 


90 

54 

36 

40 


45 

17 

28 

62 

PR8 

192 

131 

61 

32 


90 

50 

40 

48 


48 

10 

38 

79 

Lee 

1068 

818 

250 

23 

concentrated 

534 

319 

215 

40 

4X 

267 

95 

l72 

64 


134 

62 

72 

54 


07 

16 

51 

76 


folds of the sac, and care has to be exer- tity injected. The adsorption amounted • 
cised not to break the amnion. The to 30 to 90% of the inoculum in these 
accuracy of the hemagglutination test was tests. When graded amounts of a given 
somewhat increased in later tests by adop- preparation of irradiated \drus were in- 
tion of the technique of Miller and Stan- jected, it could be shown (Table 8) that 
ley-^ who considered differences in titer an inverse relationship existed between 
of about 10% as significant. In spite of the quantity of hemagglutinin injected 
these difficulties it is felt that the data and the percentage adsorbed. With the 
to be presented are sufficient to support injection of increasingly larger amounts of 
the points to be made. virus the percentage of hemagglutinins 

The results of tests conducted vdth a adsorbed decreased. The experiments 
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have not been carried far enough to reveal 
definitely Avhether a saturation point may 
be reached, i. e., whether the injection of 
hemagglutinins beyond a certain concen- 
tration will not result in further additional 
adsorption. HoAvever, tests suggesting 
that this may be the case Avill be briefly 
tiiscussed at the end of this section. 


allantoic fluids of that age altered the 
hemagglutinating capacity of the agent as 
well as the pattern formed by the agglu- 
tinated cells in the bottom of the test tube. 

The adsorption of virus on to the cells 
is independent of the interfering capacity 
of the virus. Whereas the property of 
interference is destroyed by irradiation for 


Table 9. — Influence of Incubation Pemod on Adsorption of Hemagglutinins 


strain of 

Hetnaggl. 


HcmngR). 

Hemnpgl. 


irradiated 

(units 

Time of 

(units 

(units 

, %. , 

virus 

injected) 

harvest 

recovered) 

adsorbed) 

adsorbed 

PRS 

96 

5 mill. 

73 

23 

24 



30 min. 

63 

33 

34 



1 hr. 

G5 

31 

32 



2 hr. 

01 

35 

30 



4 hr. 

62 

34 

35 



24 hr. 

57 

39 

41 

Leo 

S6 

5 min. 

45 

41 

48 • 



2 hr. 

36 

4S 

56 



0 iir. 

31 

55 

04 



24 hr. 

31 

55 

04 


Table 

10.— Effect of 

Irradiation 

ON Adsorption 

OF Hemagglutinin 

Strain of 
irradiated 
virus 

Time of 
irradiation 
(min.) 

Heinncel. 

(units 

iirjectod) 

Hcmapal. 

(units 

recovered) 

Hcmngpl. 

(units 

a(lsorl)cd) 

. % 

aitsorhed 

PR8 

0 

207 

68 

139 

67 


3 

198 

118 

SO 

40 


10 

1S4 

85 

99 

54 


30 

117 

70 

47 

40 


00 

<1 




Leo 

3 

120 

00 

00 

50 


15 

123 

70 

52 

43 


30 

132 

52 

SO 

61 


do 

136 

57 

79 

.58 


(iO 

95 

16 

79 

S3 


The adsorption of hemagglutinin did not 
increase with time of incubation of the 
embryos. It did not matter whether the 
allantoic fluids of the injected embryo 
were collected 1 hour or 24 houns after 
injection of the irradiated virus. In each 
case comparable amounts of hemagglutinin 
. were rcco\-ercd (Table 9). In other experi- 
ments no changes in adsorption Avere noted 
up to 72 or 96 hours after injection. 
lIowcA'cr, Avhen the :dlantoic fluids were 
collected after 96 liours the results became 
increasingly more A'ariable on account of 
the changes occurring in the amount and 
composition of the allantoic fluids at that 
stage rendering hemagglutination tests 
unreliable or impossible. Control tests 
showed that dilution of A-inis in normal 


15 minutes or longer under the experi- 
mental conditions employeii the adsorp- 
tion of the A'irus on to chicken red cells"' 
and. on to the cells of the allantoic sac 
remained unchanged. In other AA'ords, as 
long as hemagglutination remained intact 
the virus Avas adsorbed Avhether it had 
been irradiated for a few minutes or for 
1 hour or longer (Table 10). 

The question Avhether adsorption of 1 
virus, for instance influenza Type A, pre- 
vents adsorption of additional virus of the 
heterologous Type B has been studied in 
a fcAv experiments. Ten day old chick 
embryos Avere di\'idcd into groups of 10 
each. The fir.st and second group.s receiA-ed 
irradiated PRS A'irus at time 0. The 
second Avas injected again 1 hour later 
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together with the third group -with irradi- 
ated Lee virus. The allantoic fluids of all 
eggs were harvested after further incuba- 
tion for 1 hour, their volume measured 
and the content of hemagglutinin deter- 
mined. The units of hemagglutinins ad- 
sorbed in the first group subtracted from 
the figure found for the second group 
represents, presumably, the units of hem- 
agglutinin additionally adsorbed and this 
result should be compared with the result 
obtained in the third group. The allantoic 
fluids employed in these experiments 
showed marked capacities of interference 
with the propagation of active virus as 
determined in preliminary experiments. 
Table 11 shows the results obtained in an 
experiment of this kind involving 3 differ- 
ent preparations of PR8 wus and 1 of 


Discussion. The data presented on 
interference between inactivated influenza 
and the propagation of the active homolo- 
gous or heterologous agents in the chick 
embryo have added to the understanding 
of the interference phenomenon. The 
following facts appear to be established: 
(1) It is the inactivated \’irus particle 
which causes interference and not some 
product resulting from the host-^d^us 
interaction. All attempts to separate 
physically the virus activity from the 
interfering capacity have failed.'^ How- 
ever, the interfering property may be 
based on a different grouping within the 
\arus particle since its resistance to ultra- 
\dolet light differs from that of other 
properties of the virus.'® (2) Only the 
host cells directly in contact vdth the 


Table 11. — Adsorption of Virus bv Cells Previously Exposed to Hemagglutinins 

OP THE Heterologous Type 


1st injection 
(strain) 

2nd injection 
(strain) 

Total hemaggl. 
(units injected) 

PR8 No. 1 


198 

PR8 No. 1 

Lee 

198 + 86 

PR8 No. 2 


117 

PR8 No. 2 

Lee 

117 + 86 

PR8 No. 3 


184 

PR8 No. 3 

Lee 

184 -4- 80 


Lee 

86 


Hemaggl. 

(units 

recovered) 

Hemaggl. 

(units 

adsorbed) 

% 

adsorbed 

Additional 

hemaggl. 

(units 

adsorbed) 

118 

SO 

40 


151 

133 

47 

53 

70 

47 

40 


113 

90 

44 

43 

85 

99 

54 


134 

136 

50 

37 

35 

51 

59 



Lee. As can be seen, the adsorption of 
the Lee virus was of the same order of 
magnitude when injected into normal 
eggs or into eggs previously injected with 
PR8 virus. These data indicate that ad- 
ditional adsorption can take place on to 
host cells which had been p^e^^ously ren- 
dered resistant to infection by the primary 
injection of irradiated yttus. In other 
words, interference does not prevent ad- 
sorption. In other experiments when the 
primary adsorption was more marked, i. e., 
after the initial injection of larger amounts 
of hemagglutinin, the eYndence for adsorp- 
tion of the secondarily injected hemagglu- 
tinins was negative or doubtful, an ob- 
servation which suggests that a saturation 
point may be reached beyond which no 
further adsorption occurs. 


interfering agent are resistant to infection 
with the active virus, whereas the remain- 
der of the embryonic tissues, if susceptible 
to infection, remains so. This fact is 
in agreement vdth the observations of 
Kunkel,-' made in the study of interfer- 
ence in YTTUs infections of plants. (3) 
Resistance is induced in host cells rather 
rapidly ndthin a few minutes or ei^en 
seconds. (4) The host cells treated with 
irradiated Yurus remain resistant to infec- 
tion YYuth aetii^e Y-irus for extended periods 
of time, 7. c., for at least 6 days, represent- 
ing the longest interval which could be 
studied under the conditions of these 
experiments. (5) The interfering agent is 
not Ysdthout measurable effects on the host 
cell actiY-ities. In the extreme case further 
growth of the allantoic sac is largely in- 
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hibited, which, in turn, slows down the 
embryonic development. (6) Adsorption 
of active or inactivated virus particles on 
to the cells of the allantoic sac does not 
lead in itself to interference, since adsorp- 
tion is maintained on prolonged irradiation 
of the virus, whereas the interfering 
capacity is destroyed after- much shorter 
exposure to ultraviolet light.^® It is 
obvious then, that in addition to adsorp- 
tion, a further step is required to induce 
interference. Furthermore, after adsorp- 
tion of irradiated hemagglutinins of 1 type 
of virus, additional virus particles of the 
homologous or heterologous type may be 
adsorbed on to the host tissues, which 
had been made resistant to infection by 
the primarily injected agent. 

These various observations are in strik- 
ing agreement with and extend similar 
data collected by a number of authors in 
the study of bacterial viruses in their rela- 
tion to sensitive bacteria. Thus, interfer- 
ence between inactivated and active bac- 
terial viruses has been reported by Luria 
and Delbriick.^® The quantitative aspects 
indicated strongly that the interfering 
agent was identical with the irradiated 
virus. Prolonged irradiation by ultra- 
violet light destroyed the interfering 
capacity. It was sho'vvn that the host cells 
ceased to multiply upon contact with the 
irradiated virus.^-®’*® The inhibition of 
host cell multiplication occmred within a 
few seconds after contact of the host cells 
■ftith the virus. ^ Adsorption of virus on to 
host cells was not prevented, although 
they had been rendered resistant to infec- 
tion by previous contact with homologous 
or heterologous, active or inactivated 
virus.*’'3 Finally, Cohen and Anderson^ 
found that the oxygen consumption of 
infected bacteria, or organisms treated 
mth irradiated virus was similar to that 
Ilf the normal host cells. Preliminary 
tests conducted by the present authors in 
collaboration with Dr. Cohen have shoum 
tfiat the oxygen consumption of the chorio- 
allantoic membrane treated with irradiated 
influenza x-irus and showing marked re- 


duction in growth was not different from 
that of normal tissue. 

These comparisons show the essential 
similarity in the activities of 2 widely 
separated viral agents. Experimentation 
with the bacterial viruses has the advan- 
tage over the influenza host-virus system 
that one may study the effect of known 
numbers of virus particles on a known 
number of bacterial host cells. Thus, it 
could be demonstrated that 1 single virus 
particle per bacterium altered the host cell 
in such a way that other virus particles 
of the homologous or heterologous strain 
were excluded and further multiplication 
of the host was prevented.®'*® It has not 
been possible as yet to obtain similarly 
quantitative data in the study of the 
activity of the influenza viruses in the 
allantoic sac of the chick embryo. There 
is no definite proof of the number of virus 
particles required for the infection of the 
chick embryo. However, data have been 
presented that one 50% infectivity dose 
of a preparation of purified influenza virus 
corresponded to about 10 \drus particles® 
and the chances are that some of these 
had been inactivated during the process 
of purification. There is, on the other 
hand, no information available as yet on 
the number of susceptible host cells lining 
the allantoic sac. Further studies ndll be 
directed toward solution of this problem. 

In the light of these data a number of 
hypotheses previouslj* suggested by vari- 
ous authors for the explanation of the 
interference phenomenon can be regarded 
as invalidated at least for cases where 
inactivated mrus produces rapid changes 
as recorded in the present paper. Among 
these one may list: (1) the prevention of 
spread of the secondarily injected virus 
by the presence of inflammator.v reactions 
caused by the first; (2) anti\'iral acti\it^' 
of one \drus for another, or the develop- 
ment of antixdral substance in the infected 
tissues as a result of host %'irus interaction; 
(3) the exhaustion by the primarily in- 
jected x-irus of substrates essential for the 
propagation of the second agent; and (4) a 
blockade of cell receptors to which the 
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virus becomes attaclierl prior to entrance 
into the cells. 

There remain 2 hj'potheses, both of 
which can account for some of the observed 
phenomena. The first assumes the block- 
ade of a “key enzyme” necessarj' for the 
propagation both of the virus and the 
host cell.® This hypothesis has been aban- 
doned by one of its authors recently in 
favor of the second. This hypothesis' 
proposes that changes are produced in 
the host cell surface by the penetration 
of 1 ^nrus particle into the interior of the 
cell which then renders the cell wall im- 
penetrable to other idruses in analogy to 
the OATim-sperm relationship. However, 
this comparison certainly is not in agree- 
ment with one of the observed facts, the 
discontinued multiplication of the host. 
^Adiereas the hypothesis of the key enzyme 
can explain interference as well as inhibi- 
tion of host propagation, the “penetration 
hj'pothesis” may account for interference 
only. It should be emphasized, however, 
that it has not been definitely proven that 
inhibition of propagation of the host cell 
and the interference phenomenon are part 
of the same mechanism. Although the 
2 types of viruses thus far studied in this 
respect impaired host cell multipliceition, 
other Aurus infections haA'e resulted in 
hyperplasia of the host tissues. '\ATiether 
this stimulation of growth is based on a 
direct effect of Aurus or indirectly accom- 
plished by the release of some growth- 
promoting substance from damaged cells 
has not been settled as yet. On the other 
hand, prevention of host cell multiplica- 
tion by means other than treatment with 
irradiated vims does not necessarily lead 
to suppression of rims growth. Spizizen®* 
showed that certain glycin compounds 


were bacteriostatic but did not prevent 
virus production, and Anderson® showed 
that bacteria irradiated by ultraAuolet 
light, although no longer multipljdng, 
supported A'irus propagation. Other sub- 
stances such as 5 methyl tryptophane pre- 
vented both bacterial and viral multipli- 
cation which,- howcA’er, was a rer'ersible 
reaction in contrast to the true interfer- 
ence phenomenon.'' It is obvious that 
these problems require further study. 

Summary. Further studies are reported 
on the interference phenomenon observed 
to occur between influenza viruses inacti- 
vated by ultraviolet irradiation and the 
active agents in the allantoic sac of the 
chick embryo. They are concerned par- 
ticularly inth the effects of the interfering 
agent on the host cells. 

It has been shoum that only cells directly 
in contact vnth the irradiated virus become 
resistant to infection with the active 
agents. Resistance is induced vithin less 
than 1 minute and lasts for at least 6 days. 
The allantoic sac, in addition, may show 
impairment of its development, which, in 
turn affects the grondh of the embryo. 
Host cells rendered resistant by contact 
Avith irradiated virus of 1 type may still 
adsorb additional varus of the homologous 
or heterologous types. Virus which has 
lost its interfering capacity bj' prolonged 
exposure to ultravnolet light is still ad- 
sorbed on to the. host cells as long as the 
hemagglutinating actmty remains intact. 

These various data are discussed in 
regard to possible explanations for the 
interference phenomenon. The striking 
similarities between the influenza viruses 
and certain bacterial vimses in their host 
cell relationships are pointed out. 
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Significant titers of cold hemagglu- 
tinins were found by Finland ct al. in 4 
cases of • acquired hemolytic anemia^ 
Young, ^ in a survey of a large group of 
individuals for cold hemagglutinins, ob- 
served in 3 cases of sickle cell anemia 
titers of 1:256, 1:4 and 1:4. Waglej'^ 
has found high titem of cold hemagglu- 
tinins in a case of congenital hemolytic 
icterus and 2 cases of paroxysmal (cold) 
hemoglobinuria. The purpose of this 
study is to report the observations on 
cold hemagglutinins in a large number of 
cases of sickle cell anemia. 

Materials and Methods. The method 
used for titering cold hemagglutinins was 
that described by Finland et aU with varia- 
tions suggested by Stats and Wassermann.- 
All samples of blood were dra^vn under sterile 
conditions at room temperature. Approxi- 
mately 10 cc. of blood from the patient were 
placed in a dry, sterile, plugged centrifuge 
tube and allowed to clot. Several cc. of 
blood were also placed in a small bottle with 
0.5 cc. of an ammonium and potassium oxal- 
ate mixture to be used for the determination 
of the hemoglobin, hematocrit and icterus 
index. The clotted blood was centrifuged 
at room temperature and the serum with- 
drawn by sterile pipette into a sterile, dry 
tube. Serial dilutions of the serum were 
made with 0.9% NaCl from 1:10 to 1:2560. 
Each tube contained 0.5 cc. of the dilution. 

Group 0 cells were washed with 0.9% 
NaCl 3 times and resuspended in a 0.2% 
concentration. To each tube containing 
0.5 cc. of diluted serum was added 0.5 cc. 
of the 0.2% erythrocyte suspension. The 
tubes were shaken thoroughly, packed in 


cracked ice and water and stored for 20 to 
24 hours in a refrigerator to assure a tem- 
perature of circum 4° C. At the end of that 
time readings were made. 

The readings were made against a well- 
illuminated white background. The tubes 
were shaken gentb' 3 to 5 times and read 
in an arbitrary grade of 4-|- to l-f- or nega- 
tive. A 4-}- represented one solid clump of 
cells remaining after shaking and l-f- the 
least amount of agglutination grossly detect- 
able to the naked eye. After reading, the 
tubes were allowed to stand at room tem- 
perature for several hours and then re-read. 
Only tubes in which the agglutination had 
disappeared were accepted as having been 
positive. By this technique, agglutination 
in a titer of 1:40 has been considered sig- 
nificant. 

The hemoglobin determinations were made 
by the Fisher Electrohemanometer or the 
Hellige-Wintrobe method.'* The hematocrit 
and icterus index determinations were made 
by standard techniques. 

The amount of sickling was determined in 
each case by the use of wet preparations. 
These were made by placing a small drop of 
freshly drawn venous blood upon a clean, dry 
slide and covering with a dry cover-slip. 
The preparation was immediately ringed 
with petrolatum. The amount of sickling was 
observed immediately following preparation 
and at 24 hours by counting the number of 
sickle cells per 500 red blood cells and 
expressing the results in percentage. 

All patients were questioned as to signs 
and symptoms of recent upper respiratory 
infection and the data recorded in Table 1. 
An attempt was made to correlate cold hena- 
agglutioin titer with the degree of sickling, 
hemoglobin level, hematocrit, icterus index 
and severity of disease, f as shown in Table 1. 


* Students in School of Medicine, Johns Hopkins University. 

t “Severity of disease” is a clinical impression based on the number, frequency and duration of 
crises, severity of pain and elevation of temperature during the crises, hematologic picture, necessity 
for transfusion, degree of activity tolerated between crises and presence or absence of leg ulcers. 
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The control series consisted of 30 colored 
patients without hemolytic anemia, sickl- 
emia, or other blood dyscrasias, negative 
serologic test for syphilis and without a 
history of recent upper respiratory infection. 


prior to and during crisis. No significant 
change in the titer of cold hemagglutinin 
(1:320) or other lal)oratory studies was^. 
observed. Another patient (No. 22) was 


Table 1.— Analysis of Data in 30 Cases of. Sickle Cei.t, .Anemia 
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None 

Severe 

In crisis 

7 

1 

1 





52 

80 

0.2 

10.0 

20.0 

None 

Severe 

5 mos. 

8 

1 






32 

75 

5.8 

18.5 

35.0 

3 wks. 

Mild 

0 mos. 

9 

1 

1 





30 

70 

0.4 

19.8 

30.0 

None 

Severe 

5 mos. 

10 

1 

1 

1 




10 

70 

5.5 

23.2 

25.0 

None 

Mild 

8 mos. 

11 

1 

1 





30 

75 

0.0 

22.0 

20.0 

None 

Severe 

5i mos. 

12 

1 






9 

50 

9.1 

29.0 

7.5 

None 

Mild 

None 

13 

2 

1 

1 




10 

55 

7.9 

27.1 

7.5 

None 

Mild 

In crisis 

14 

1 

1 

1 




0 

2 

9.1 

31.5 

7.5 

None 

Mod. severe 

5 mos. 

15 







25 

50 

7.0 

23.5 

18.0 

2 wks. 

Severe 

3} mos. 

10 







5 

30 

10.1 

30.0 

10.0 

1 wk. 

No data available 

17 







25 

100 

0.3 

21.0 

7.5 

None 

Mod. severe 

19 mos. 

18 







25 

90 

0.0 

23.0 

5.0 

None 

Mod. severe 

2 wks. 

19 







35 

100 

5.9 

20.0 

10.0 

None 

No data available 

20 

1 

1 





50 

87 

0.0 

21.0 

35.0 

None 

Mod. severe 

4i mos. 

21 

4 

4 

4 

2 

1 

. . 

25 

01 

9.1 

20.0 

20.0 

3 wks. 

Mod. severe 

In crisis 

22 

4 

4 

3 

1 

1 

1 

2 

10 

0.3 

19.5 

15.0 

None 

Mod. severe 

In crisis 

23 

1 

1 





10 

38 

5.5 

37.0 

10.0 

None 

Mild 

In crisis 

24 







74 

81 

7.2 

25.2 

10.0 

None 

Severe 

7 mos. 

25 



. . 




2 

14 

0.7 

22.4 

20.0 

2 wks. 

Mild 

None 

20 

2 

1 





1 

5 

11.0 

30.0 

25.0 

None 

Mild 

None 

27 

4 

2 

1 


, , 


9 

59 

9.7 

28.2 

10.0 

None 

Mild 

18 mos. 

28 

3 

1 

1 




41 

77 

9.5 

32.0 

25.0 

None 

Mild 

None 

29 







14 

78 

8.4 

20.0 

25.0 

None 

Mod. severe 

In crisis 

30 





• . 


8 

24 

11.7 

:m.o 

7.5 

None 

No data available 


Results. Table 1 shows the distribu- 
tion of titers for cold hemagglutinins in 
30 cases of sickle cell anemia. Eighteen 
cases (60 %) showed a titer of 1:40 or 
over; 11 cases (36%) had a titer of 1:80 
or higher; 4 cases (13%) had a titer of 
1 :160; 4 cases (13%) had a titer of 1:320; 
1 case had a titer of 1:640. No correla- 
tion could be made with the degree of 
sickling, hemoglobin, hematocrit or icterus 
index. In 21 cases, the date of the last 
crisis could be precisely determined by 
hospital records. In these cases no cor- 
relation could be established between the 
recency or severity of the attacks and the 
titer of the cold hemagglutinin. 

Three control cases (10%) showed a 
titer of cold hemagglutinin of 1:40, but 
none showed a titer of 1:80. 

In the course of these e.xperiments, 
1 iiaticnt (No. 6) was observed 2 weeks 


observed 10 months prior to crisis, at which 
time she showed a maximum titer of cold 
hemagglutinin of 1:40. During crisis a 
maximum titer of 1:640 was reached. 
There was no striking change in other 
laboratory findings. A third patient 
(No. 23) was observed to have no titer 
of cold hemagglutinin 2 weeks prior to 
crisis. During crisis a maximum titer of 
1 :40 was demonstrated. 

Conclusion. The cold agglutinins in a 
series of 30 cases of sickle cell anemia 
were determined. Of these cases, 60% 
showed a titer of 1:40 or over; 36% had 
a titer of 1:80 or over. A significant titer 
could not be correlated with degree of 
sickling, hemoglobin level, hematocrit, 
icterus index, the severity of the disease 
or consistently ivith the elapse of time 
since the last crisis. 
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By E. Perry McCullagh, M.D. 

Ralph E. Hibbs, M.D.* 
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Robert W. Schneider, M.D. 

CLEVELAND, OHIO 


(From the Department of Endocrinology, Cleveland Clinic) 

The use of propylthiouracil over a 14- the possible exception of thyroid crisis, in 
month period from December, 1945, to which its action was too slow. Hj'^per- 
March, 1947, has convinced us that it is thyroidism of acromegaly may also prove 
decidedly superior to thiouracil in the to be an exception. 

treatment of hyperthyroidism. In our The rate of response to thiouracil is 
opinion propylthiouracil appears to be as not easily predicted. A fall in basal 
effective as thiouracil in about half the metabolic rate of 1% per day is seldom 
dose and is much less toxic in its side exceeded, while at the opposite extreme 
effects. These findings are in agreement some patients fail to show any response 
with those of previous reports.^-^’®'® of consequence for four or five months 

The present paper presents a brief but later are well controlled. In general, 
summary of the therapeutic properties of hyperthyroidism associated with the small 
thiouracil and discusses some of our diffuse goiter responds quickest and that 
experiences in treating 218 cases of hyper- associated vath the large nodular goiter 
thyroidism with propylthiouracil. It deals slowest. The prolonged use of large doses 
briefly with a few of the aspects of the of iodine preceding thiouracil therapy is a 
problem, including its safety, effective- barrier to prompt response, 
ness, and required dosage, and contains a The main disadvantage of thiouracil is 
note regarding the concurrent use of small that toxic effects such as fever, rash, or 
doses of iodine. The final place attained nausea occur in 10 to 15% of the patients, 
by any medical or surgical means for the Much more serious is the agranulocytosis 
clinical management of hyperthyroidism which has been seen in 2 to 3%; death 
depends on at least one other important from this occurs in 0.5 to 1 %. In addition, 
factor, namely its abilitj' to produce a a striking enlargement of the thyroid has 
lasting remission or permanent cure, occurred in some patients. These effects 
Insufficient time has elapsed in the use of have prevented the use of the drug in 
propylthiouracil to make any sound state- many instances. Though its effectiveness 
ments on this phase of the problem, is high, the mortality rate from propyl- 
Time may reveal, however, that this point thiouracil is comparable to that of thy- 
is not very important, proidded the drug roidectomy in the hands of the most 
proves to be safe to use for long-continued .skillful surgeons. Thiobarbital, wJn'ch is 
periods. much more potent in its antithyroid action, 

Thiouracil. Thiouracil was used has similar toxic eff ects, 
earlier and has been used much more The rate of permanent remission of 
widely than propylthiouracil. Before thio- hyperthyroidism with thiouracil therapy 
uracil was placed on the market it had has not been determined. One of the best 
been used in the treatment of more than estimates is that of "Williams,® who re- 
5000 patients and had been abundantly ported a remission rate of .50% in 100 
proved to be an effective means of con- cases. It is possible that the general 
trolling any type of hyperth\Toidism with tendency toward early withdrawal of the 
* Formerlj’ Fellow at the Cleveland Clinic; now in Portland, Oregon. 
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drug because of the risk of toxic effects 
may have reduced the number of per- 
manent recurrences. 

Present Usefulness of Thiouracil. One 
of the chief advantages of this therapy is 
the production of complete control of 
hyperthyroidism and the fact that almost 
all patients are able to follow their usual 
occupations. The complications of hyper- 
thyroidism are controlled as well by 
thiouracil as by thyroidectomy. 

Since thiouracil is no safer than surgery 
in uncomplicated moderate hyperthy- 
roidism, and since it has not been proved 
to cause remissions as often as thyroid- 
ectomy, its greatest benefit is the reduction 
of surgical risk in selected patients. If 
used in severely toxic patients, those vuth 
cardiac failure, those who are weak from 
long-standing disease, or in those of 
advanced age, many will become good 
surgical risks. In those who remain bad 
risks continued therapy may be war- 
ranted. By limiting the use of thiouracil 
in this way the mortality of thyroid 
surgery has been reduced almost to the 
vanishing point, but the mortality rate 
of the drug itself remains unchanged. 

Propylthiouracil. It was evident 
from experience with thiouracil that a 
safer drug was needed, and 6-n-propyl- 
thiouracil appears to have supplied this 
need. 

Astwood,^ in the first 100 cases reported, 
found 4 instances of transient pruritus, 

2 of transient headache, and 1 of transient 
arthralgia. One of his patients died 
during therapy apparently from progres- 
sive hepatic failure due to extensive 
cirrhosis. 

Among our 218 patients, manifestations 
which we attributed to the toxicity or 
sensiti\dty to propylthiouracil w’ere seen 
in 7 patients. Tlwee had mild reactions: 
nausea, arthralgia, arthralgia and numb- 
ness. The drug w’as continued in all 3 
of these patients. The first patient was 
nauseated wliile taking 300 mg. a day, 
but could take 200 mg. without discom- 
fort. In the patients w'ho complained of 
arthralgia or numbness of the forearms 


and hands, the symptoms disappeared 
while the drug was continued. No hypo- 
thyroidism or an,y evidence of organic 
nervous disease could be demonstrated 
in them. Propylthiouracil was discon- 
tinued in 4 patients. One patient de- 
veloped a severe dermatitis simulating 
the exfoliative tj^ie while taking 50 to 150 
mg. a day after 34 weeks of treatment. 
Skin testing or further trial of the medicine 
has been delayed in this case because of 
the severity of the dermatitis. The 
second patient complained of numbness of 
the extremities. This probably was a 
toxic effect, since no other cause was found 
to explain it. One showed a fall in the 
granulocyte count to as low as 25% on 
repeated trials of 75 to 150 mg. per day, 
so the drug was finally discontinued after 
22 weeks of treatment. This case has been 
reported.^ In one patient the drug was 
discontinued because of urticaria, and 
thyroidectomy was performed. One 
patient died at his home while taking the 
drug. He was 65 years old, had a nodular 
goiter and poor cardiovascular status. 
One day, without having complained 
more than usual, he vomited, became 
extremely weak, and died within a day. 
He had no fever. Blood counts were not 
made. Unfortunately, news of his death 
did not reach us at once. In spite of 
contact made with his relatives and the 
physician called in, no further information 
could be obtained, and the cause of his 
death was never ascertained. The meager 
information we received did not appear 
to point toward a toxic reaction, but such 
a possibility cannot be entirely excluded. 

The final appraisal of the side effects 
of propylthiouracil, based on 218 separate 
clinical trials covering an average of 8 
months per patient and using doses from 
50 to 500 mg. a day, confirms to us the 
fact that it is a relatively non-toxic drug. 
To date the maximum doses used have 
caused no more toxic effects than have 
followed the small doses. There were no 
fatalities, 3 minor reactions which did not 
interrupt treatment, and 4 reactions which 
necessitated stopping the drug. Agranulo- 
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cytosis did not occm. Consequently, we 
have discontinued the routine practice 
of taking weekly white blood counts. In 
prescribing the drug the possibility of a 
toxic effect is explained to the patient, and 
it is suggested that a white blood count 
be made if a sore throat or unexplained 
fever occurs. 

Effectiveness and Required Dose. The 
speed of response is an important con- 
sideration. The continuance of hyper- 
thyroidism in a patient with complicating 
heart disease, diabetes, or tuberculosis 
may lead to an irreversible downhill course. 
Even without concurrent disease it is 
highly desirable to lower the basal meta- 
bolic rate as quickly as possible. At best 
the treatment covers several months, and 
the patient may be discouraged and lose 
contact mth his physician if the results 
are too gradual. For this reason, the 
smaller initial doses of 150 mg. per day, as 
recommended in earlier publications,^ have 
been replaced by doses of 300 mg. or more 
per day in moderately severe and in 
severe hyperthyroidism. Somewhat smal- 
ler doses may be sufficient for main- 
tenance, but even tins must be taken as a 
guarded conclusion. 

All of our patients have remained 
ambulatory and have been treated as 
office patients except those who were 
seriously debilitated by complications 
such as cardiac decompensations of severe 
degree. Almost all others continued to 
work or to carry on their usual activities. 
The basal metabolic rate was determined 
at intervals of 4 weeks. A few patients 
received iodine in doses of 10 to 30 mg. per 
dajf in addition to propylthiouracil for 
comparative purposes. i’NHien the meta- 
bolic requirements were high and tliere 
was a tendency to weight loss, diets sup- 
plying as much as 4000 calorics per day 
were prescribed and vitamin B complex 
was given to a few. Sedati\'es, such as 
phenobarbital, were used on doses of 1 gr. 
3 times a day in many. Otherwise no 
other medication was given except that 
which was necessary to treat a complicat- 
ing disease. 


Eighty-seven patients who had re- 
sponded with complete control of their 
symptoms and basal metabolic rates were 
used to compare the speed of effect of the 
drug at different dosage levels. The 
remainder were eliminated from this part 
of the study for various reasons. Some 
had been treated for too short a time; in 
some propylthiouracil was used to main- 
tain a remission which had been effected 
by thiouracil, iodine, or a:-ray; a small 
group failed to take the drug as pre- 
scribed, and finally in some the basal 
metabolic rate did not show an adequate 
response due to eomplicating factors such 
as asthma or poorly compensated cardio- 
vascular disease and thus was not an 
accurate indication, despite control of the 
hyperthyroidism. 

Of the 87 patients 51 had diffuse goiter, 
22 had nodular goiter, and 14 had recur- 
rent or residual hyperthjToidism following 
previous operation. The usual sex in- 
cidence was present. The original basal 
metabolic rate ranged from -1-19 to -}-79 %. 
Complicating disease included rheumatic 
and arteriosclerotic heart disease, s;\q)hiHs, 
diabetes, and pernicious anemia. 

The dose of prop 3 dthiouracil varied from 
50 to 400 mg. a day. Earlj*^ in the studj', 
doses of 75 or 100 mg. per daj’’ were 
common, but as our experience increased 
we gradually raised the dose to the higher 
levels in order to obtain a more rapid 
response. To studj’^ the comparative 
effectiveness of various doses, tliese cases 
have been arbitrarilj' di\dded into two 
groups: (1) those recei\’ing less than 150 
mg. per day and (2) those recei^dng 150 
mg. or more per day. 

In the 48 patients with diffuse goiter 
recei\ung 150 mg. or more a da^’, there 
was an average fall of basal metabolic rate 
of 2.91 % per week, while in 3 patients with 
diffuse goiters recei%dngless than 150 mg. a 
day the fall was 2.64 % per week. Tlie most 
rapid response was seen in a patient barfing 
recurrent hyperth^vroidisra with a basal 
metabolic rate of -f60% whiclj fell to 
— 11% in six weeks, an average of 11.8% 
per week. Tlie dose was 200 mg. per dav. 
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In the 15 patients with nodular goiters 
on the higher dose, the fall was 2.49% 
per week as compared with a fall of 1.74% 
per week in 7 patients on the smaller dose. 
In recurrent or residual hyperthyroidism 
the fall was 2.96 % per week in 8 instances 
while it was only 1.18% per week in 6 
patients receiving less than 150 mg. per 
day. 


in continuing it. The basal metabolic 
rate in many instance.s drops rapidlj^ down 
to +20 or +15% and slowly from that 
level to zero. Often, to be sure, a good 
response tvdli be made on ISO mg. until 
the basal metabolic rate reaches +15%, 
and then more than 200 mg. per day is 
necessary to relieve the remaining signs of 
hyperthjwoidism. In a few patients the 


Table 1. — Hesvlts of Different Dosages of PKOPTLTHiotTRACii. 


Group 1. (Les^ than 
150 mg. per day) 

16 patients 


Average fall in B.M.R per week 1 .73% 

Average original B.M.Il 23.5% 

Average duration of treatment before returned to 

normal 13.6 weeks 


Group 2. (150 mg. or 
more per dajO 
71 patients 

2.82% 

+ 38% 

13.6 weeks 


Our data were analyzed udth respect to 
effective dose range in another way. For 
this purpose an effective dose was defined 
as one which produced a progressive fall 
in basal metabolic rate of 2 % or more per 
week to within normal range. An effective 
dose might take more than 3 months at 
this rate to produce a fall in the basal 
metabolic rate to within normal range, 
depending upon the height of the meta- 
bolic rate at the beginning of the test. If 
3 months passed, howei'er, and a rate of 
fall of basal metabolic rate less than 2 % 
per week still persisted the dose employed 
was called ineffective, A single patient 
might fail to respond adequately to 150 
mg. or even 200 mg. per day and yet 
respond well to 300 mg. or more. Thus 
more than one test might be made on 1 
patient. In the following figures 158 such 
tests are represented. The results are 
summarized in the following table. 


Table 2. — EamtATED ErFECTmENEas of Djf- 
FEBENT Dosages of PROPTETEnovRACn. 


Daily jdose 

Total No. Effec* 
of tests tiveness 

Ver cent 
effective 

150 iQg. and less 

50 

29 

58.0 

200 mg. and less 

111 

97 

87.4 

300 mg. and less 

158 

1S2 

96.3 


Thus a dose of 300 mg. per day is seen 
to be ineffective, if defined in these terms, 
in only 3.7 % of these patients. In them, 
doses higher than 300 mg. per day were 
required. We have seen little disadvan- 
tage in using 300 mg. as the initial dose or 


dose had to be raised even to 400 mg. or 
more to obtain a normal metabolic rate. 
Four hundred milligrams or more per day 
have been used at some time during the 
treatment of 25 patients. 

Frank myxedema occurred twice, and 
definite symptoms of hypothjToidisra ap- 
peared in 5 other patients. Desiccated 
thyroid was given to control this complica- 
tion, and the propylthiouracil was con- 
tinued. We vdshed to maintain the de- 
pressive effect on the goiter in the hope 
of increasing the chance of securing a 
permanent remission. Only 2 patients 
show'ed significant enlargement of the 
thjToid. One of these was a young woman 
who was pregnant, the other a boy 17 
years of age. We have not been impressed 
by the presence of a lethargy or drowsiness 
which might be regarded as an effect of 
the drug apart from the hyperthj'roidism. 

We interpret these data to mean that 
300 mg. per day of propylthiouracil is near 
the ideal dose to be used in active treat- 
ment of hj'perthjToidism. Although some 
patients respond to smaller doses, a dose 
of 300 mg. or more a day has been neces- 
sary in 34 % of the total number of patients 
in order to lower the basal metabolic rate 
to normal range. If toxic results on doses 
of 300 mg. or more per day are shown to 
be more frequent in further studies, the 
routine use of this initial dose will be 
modified. If such circumstances arise, 
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200 mg. may be tried and the dose in- 
creased if an effective response fails to 
occur. In this way time would be lost^ but 
the minimum amount of the drug would 
be used. 

With regard to speed of control a few 
general statements may be made. Hyper- 
thyroidism in association with small diffuse 
goiters in cases in which no previous 
iodine has been given, react the most 


of the same type as those in whom more 
than one recurrence may occur following 
operation. Such resistance to treatment 
certainly does not encourage hope for a 
permanent medical cure. 

HyperthjToidism of long standing has, 
in most instances in our hands, been more 
resistant to therapy. The goiter is usually 
larger under such circumstances, and per- 
haps the mass of reacting thyroid tissue 


AVERAGE RESPONSE TO PROPYL THIOURACIL 
IN DIFFUSE AND NODULAR GOITER 



Averoge fall in B M R per week — Diffuse goiter 2.66% -Nodular goiter 237%. 
The overage response differs little in diffuse ond nodulor goiters. 

The very rapid responses tend to occur in the diffuse. 

The very slow responses of many months occur chiefly in lorge nodular goiters. 

Chaht 1 


rapidly to propylthiouracil. These promise 
for this reason to be among those which 
will respond eventually Avith a permanent 
medical cure. Instances have been seen, 
however, especially in young people, in 
which increased dosage of the drug is 
associated Avith only partial control, ap- 
pearing to indicate a natural ingraA-escence 
of the disease. In some of tliese the 
thyroid continues to enlarge during treat- 
ment. These patients appear to us to be 


present is a factor of some importance. 
We are inclined to belicA’^e that it is. 

Large adenomatous goiters respond 
more sIoaaIv in some instances. If groups 
of cases are compared, however, it is 
interesting to note that there is only a 
small aA'erage difference. The impression 
that the opposite is the case apparently 
arises chiefly from the fact that there are 
some very rapid responses among the 
patients AAnth diffuse goiter and a few A-ery 
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slow responses among those svith nodular 
goiter. Chart 1, showing average response 
in diffuse and in nodular goiter, illustrates 
this point. 

A woman with acromegaly was the only 
patient with hypermetabolism which we 
judged to be at least partly of thyroid 
origin who has not responded at all to 
propylthiouracil. She has had as much as 
600 mg. per day for more than 9 months. 


majority it remains appro.ximately the 
same or there is a slight increase, in a few 
there is an increase which occasionally 
may be extreme. The rate of increase in 
exophthalmos and its degree of severity 
appear to bear little or no relationship 
to the activitj'^ of the thyroid gland. In 
most of our patients an attempt has been 
made to follow the course of exophthalmos 
and associated eye signs by repeated 


Table 3. — Degree or Exophthalmos Before ant) After Treatment 


Degree of exophthalmos 



Before treatment 


Duration of 


B.M.E 










O.D. 

O.S. 

O.D. 

O.S. 

weeks 

First 

Last 

Men 

. . 21 

22 

22 

22 

37 

+44 

-IS 


30 

27 

.30 

27 

46 

+40 

- 5 


21 

21 

26 

24 

37 

+ 62 

- 9 


23 

23 

22 

22 

43 

+24 

+ 15 


21 

21 

25 

23 

28 

+ 15 

- 1 


19 

19 

27 

28 

14 

+ 53 

+ 5 

Women 

. . 19 

19 

19 

19 

48 

+29 

+ 11 


21 

21 

20 

20 

57 

+28 

-f 9 


25 

25 

25 

24 

59 

+ 16 

- 5 


26 

24 

28 

27 

48 

+61 

+ 10 


26 

25 

26 

26 

37 

+ 28 

+ 0 


21 

20 

21 

20 

27 

+52 

— 5 


Little of value can be said from our data 
regarding the probable frequency of per- 
manent cure of hjqjerthjToidism following 
■withdrawal of propylthiouracil. The drug 
has been discontinued in only 17 patients. 
Recurrence has been noted in 6 of these. 
In 4 of the 6 the basal metabolic rate was 
never shovm to have fallen to zero, and 
in 1 of these the drug was stopped inadver- 
tently by the patient when the basal 
metabolic rate was -f-15%. In this 
instance there was more accurately an 
ingravescence than a recurrence. 

In 2 patients, after treatment for 36 and 
51 weeks, respectively, there was a recur- 
rence in 12 weeks and in 4 weeks after 
cessation of medication, the basal meta- 
bolic rate to cessation being — 9 and — 15 %, 
respectively. In 11 other patients remis- 
sion continued for periods ranging from 
1 to 30 weeks in 10 and up to 14 months 
in 1. 

Exophthalmos. E.xophthalmos appears 
to behave during treatment •with propyl- 
thiouracil in much the same way as it 
does after thyroidectomy; namely, in the 


estimation of the severity of the changes 
and by actual measurement of the prop- 
tosis by means of a Hertel exopbthal- 
mometer. Measurements of the proptosis 
have been made in each instance by Dr. 
A. D. Ruedemann or Dr. R. J. Kennedy. 
The following table (Table 3) represents 
measurement of the degree of exophthal- 
mos in millimeters in a group of 12 patients 
in whom 3 or more measurements were 
made over a period varjdng between 14 
and 59 weeks. The A.P. position of the 
globe is given at the beginning and at the 
end of this course of therapy and is stated 
in millimeters, and concurrent fall in 
basal metabolic rate is shovm. 

Iodine and- Propplthiouracil Given Con- 
currently. Early in the use of thiouracil 
desiccated thjToid was used in doses as 
high as 2 gr. per daj' in the 3 patients in 
whom it was tried but failed to eliminate 
the thrill and bruit from a vascular goiter 
over a period of a month. Iodine, how- 
ever, in doses of 10 mg. per day did so in 
less than a week. It became a matter of 
interest to know whether such manage- 
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ment hindered or helped the antithyroid 
effect as a whole or interfered with propyl- 
thiouracil later. A group of patients who 
had diffuse goiters of approximately the 
same size was chosen. Some of these were 
given iodine in doses of 10 to 30 mg. per 
day concurrently with propylthiouracil. 
The remainder were given no iodine. 
There was no significant difference in their 
rate of response. The following chart 
(Chart 2) depicts the average rate of fall 


shown that the thyroid glands of .thiourea- 
treated rats fail to take up iodine in the 
normal manner/ and also because ex- 
perience has shown that thiouracil effect 
may be slowed by pre-treatment with large 
doses of iodine. 

The proper role of propylthiouracil in 
the management of hyperthyroidism has 
not been settled and cannot well be settled 
until the matter of the control of incres- 
cence of the disease during therapy and 


COMPARISON OF AVERAGE RESPONSE TO PROPYL 
THIOURACIL WITHOUT IODINE AND WITH IODINE 



WEEKS 


Averoge fall BMR per week-wifhoul iodine 2.95% -with iodine 3.07%. 

Iodine 10 mg. per day quickly eradicotes the thrill ond bruit which may appear. 
In these doses the effectiveness of propyl thiourocil Is not hindered. 
Pretreotment with iodine should not be suddenly stopped. 

Chart 2 


of the basal metabolism in the two groups. 
For this reason it has become our practice 
to give iodine in doses of 10 to 30 mg. 
per day in cases of Graves’ disease to 
prevent these signs of vascularity within 
the gland. It is possible that larger doses 
of iodine might be used concurrently with 
propylthiouracil treatment to produce a 
more rapid response without interference 
with the final propylthiouracil effect. In 
\*iew of experimental work bearing on this 
phase of the problem it must be ap- 
proached witli caution since it has been 


especially the production of lasting re- 
missions after cessation of therapy has 
been adequately established. 

At present our procedure is as follows, 
the patients having been graded into the 
following 4 classes; 

1. In patients with small goiters and 
relatively mild hyperthyroidism an at- 
tempt at a medical cure is made. The 
aim here is to control the sj-mptoms com- 
pletely and if possible to hold the basal 
metabolic rate at or below zero for S or 
more months. Exception to this manage- 
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merit may arise for various reasons in- 
cluding: (1) the patient's preference for the 
relative certainty of a surgical cure, (2) 
lack of intelligence and cooperation of the 
patient, ( 3 ) interference of toxic effects, 
(4) existence of a solitary adenoma and 
indication for surgical removal, (5) pres- 
ence of pregnancy with consideration of 
surgery as the more prudent course until 
safety of the drug to the infant is fully 
established. 

If after adequate trial and withdrawal 
of the drug recrudescence is e^ddent, a 
choice between its continued use and sur- 
gery must be made. 

2. In all young people ivith hyper- 
thyroidism of mild or moderate degree 
when there is no apparent risk to surgery 
and when thyroidectomy is decided upon, 
iodine preparation without propjdthioura- 
cil is usually the preoperative treatment 
of choice because the response is quicker. 
Propylthiouracil may be used but is 
unnecessary. 

3. Complete control of the disease ndth 
propylthiouracil is advised in all patients 
with severe hyperthyroidism, in all those 
over 45 years of age, as well as in those 
ndth complicating factors such as poor 
cardiac status. '\^'hen the disease is thus 
controlled Lugol’s solution is given for 2 to 
3 weeks in doses of 1 cc. 3 times a day. 
During the week preceding operation no 
propjdthiouracil is given and thjToid- 
ectomy is performed. 

4. In patients whose hyperthyroidism is 
complicated by extreme old age, by cardiac 
or other complications which will prevent 
their ever becoming good surgical risks 
even after the elimination of hjiierthy- 
roidism, propylthiouracil may be con- 


tinued indefinitely. To this group may 
also be added those patients with post- 
operative recurrence of hyperthyroidism 
because in them the increased morbidity 
from nerve or parathyroid gland injuries 
warrants withholding further operation 
unless it becomes imperative. 

Conclusions. 1. Propylthiouracil is a 
safe drug. In 218 patients treated for an 
average of 8 months and in some as long 
as 14 months, no cases of agranulocytosis 
were seen. Three minor reactions oc- 
curred, and 4 other reactions required the 
cessation of treatment. 

2. It is effective in controlling hyper- 
thyroidism of all D-pes except possible 
instances of acute crisis in which its ac- 
tion is too slow'. The hyperthyroidism of 
acromegaly may also be an exception. 

3. An effective dose in more than 95% 
of our patients has been 300 mg. per day. 
A smaller dose is effective in many. A 
larger dose has been required in less than 
4%. 

4. Iodine in doses as high as 30 rag. per 
day may be used concurrently with 
propylthiouracil. It wall eliminate the 
thrill and bruit in diffuse glands and does 
not hinder the action of propylthiouracil. 

5. .A tentative plan is presented for the 
use of propylthiouracil to the best ad- 
vantage of the patient with hyperthy- 
roidism. 

6. The probable frequency of permanent 
remissions of hyperthjToidism following 
the use of propylthiouracil cannot yet be 
properly estimated. .At present long- 
continued use of the drug appears war- 
ranted in some patients and may later 
appear feasible and perhaps desirable in 
many. 
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USE OF PYRIBENZAMINE IN PREVENTION OF HISTAMINE-INDUCED 
GASTRIC ACIDITY AND HEADACHE AND IN TREATMENT OF 
HYPERSENSITIVENESS TO COLD* 

By Edward L. Perry, M.D. 

FELLOW IN MELICINE, MAYO FOUNDATION 
AND 

Bayard T. Horton, M.D. 

DIVISION OP MEDICINE, MAYO CLINIC 
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FykibenzamineI is one of a series of 
compounds the ability of which to antago- 
nize the effects of histamine recently has 
been investigated by Mayer, Huttrer and 
Scholz.® The chemical name is N'-pyridyl- 
N'-benzyl-N -dimethyl -ethylene diamine 
hydrochloride. The drug is a white, 
crystalline, stable non-hygroscopic com- 
pound, soluble in water at room tempera- 
ture to the extent of 130 gm. per 100 cc. 

According to the aforenamed investi- 
gators, pyribenzamine in very small doses 
is capable of preventing the action of 
histamine on an isolated strip of intestine 
of the guinea pig. It also has anti-acetyl- 
choline activity, but for such purpose, a 
dose 100 times that necessary for anti- 
histamine action is required. The authors 
named also have demonstrated that pyri- 
benzamine is effective in delaying occur- 
rence of the asthma which exposure to a 
histamine-aerosol-air stream usually pro- 
duces in guinea pigs. Under ordinary 
circumstances, astluna appears in 35 to 90 
seconds and convulsions in 1^ to 31 
minutes after exposure to histamine- 
aerosol-air stream. The conAoilsions are 
delayed from 2 to 6 hours if pyribenzamine 
is administered subcutaneously in the 
amount of 0.1 mg. per kilo, of body weight 
15 minutes prior to exposure. According 
to IMayer,'* the drug also protects dogs and 
guinea pigs against shock doses of ana- 
phylactic substances to which the animals 
have been sensitized. 

The meehanism of the action of pjTi- 
hciizainine and otiier antihistamine com- 
pounds is unknown. 


Failure of Pyribenzamine Usually 
TO Prevent the Increase in Gastric 
Acidity Induced by" Histamine. Four- 
teen persons were used in the study. 
Twenty-seven gastric analyses were done. 
The patients studied had multiple sclerosis, 
Meniere’s disease, nerve deafness or ten- 
sion headaches. A normal person also was 
studied. None had symptoms referable 
to the gastro-intestinal tract. 

Procedure. The volume, free acidity and 
total acidity of the gastric content were 
determined. The subject was then given 
0.05 mg. of histamine base intravenously. 
The solution of histamine diphosphate used 
contained 0.1 mg. of histamine base per 
cubic centimeter. Samples of gastric juice 
were then obtained every ten minutes over 
a period of approximately one and a half 
hours or until the values returned to fasting 
level. 

Pyribenzamine was then given for a 
specified period of time. Dosage of the drug 
varied from 50 mg. twice dail}’^ to 100 mg. 
four times daily. The period over which it 
was administered varied from one to eight 
daj's, the last dose being given the daj'’ of the 
second test in most instances. Fasting levels 
of volume and free and total aciditj’^ were 
again determined. Then intravenous in- 
jection of 0.05 mg. of histamine base was 
given for the second time and analysis of 
gastric content was repeated in the same 
manner as previously described. 

Results. Gastric acidity was increased 
after the 1st injection of histamine in 
12 of the 14 cases. In 2 cases histamine 
failed to cause increased acidity. Of the 
12 cases in which increased acidity was 


* Abridcmcnt of a portion of thesis to be subraittod by Dr. Perrj- to the Graduate School of the 
University of Minnesota, m p.artial fulfillment of the requirements for the dcRree of Master of Scienre 
in Mcdinnc. 

t Ciha Pharmaceutical Products, Inc. 
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found after the 1st injection of histamine, 
in all but one acidity was increased after 
a 2nd injection of histamine given sub- 
sequent to the use of pirribenzamine. In 
2 cases (one illustrated in Fig. 1) a less 
pronounced rise occurred after use of pyri- 
benzamine, in 4 cases essentially the same 
results as in the initial observations were 
secured and in 4 cases (one illustrated in 
Pig. 2) an increase in acidity was found. 


The foregoing determinations were not 
made on one person after use of pj-ri- 
benzamine because the occurrence of 
severe side reactions, including dizziness 
and numbness of the hands, necessitated 
discontinuance of administration of the 
drug. Of the 2 persons whose acidity 
failed to increase after the 1st injection of 
histamine, 1 responded and 1 failed to 
respond to injection of histamine after the 



rimules 

Pig, 1.— -Alterations in volume and acidity of gastric contents in a ease of nerve deafness; (a) after 
Intravenous administration of 0.05 mg. of histamine base; (f>) after treatment with 1600 mg. of pyri- 
benzamine followed by intravenous administration of 0.05 mg. of histamine base. 



Fjg. 2.— --ilterations in volume and acidity of gastric contents in a case of multiple sclerosis: (a) after 
intravenous administration of 0.05 mg. of histamine base; (h) after treatment with 1000 mg. of pyri- 
benzatnine followed by intravenous administration of 0.05 mg. of histamine base. 
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use of pyribenzamine. Average values for 
the preceding determinations for 13 per- 
sons are shown in Table 1. 

Comment. We cannot explain the fore- 
going results. McElin and one of us® 
(Horton) previously found in similar tests 
that benadryl similarly did not have a 
consistent effect in preventing an increase 
of gastric acidity after administration of 
histamine. Recently it has also been 
demonstrated^ that neither benadryl nor 
pyribenzamine has the ability to antago- 
nize histamine-stimulated gastric secretion 
in the dog. 


that the 5th cranial nerve and upper 
cervical nerves were the afferent pathways 
for the conduction of pain stimuli from the 
intracranial vessels or surrounding struc- 
tures. 

Material and Procedure. Four student 
nurses volunteered as subjects for our 
observations of the effect of pyribenzamine 
in preventing headache induced by intra- 
venous administration of histamine. 

Determinations of basal blood pressure 
were obtained with the subjects supine. 
Then 0.5 cc. of a solution of histamine 
diphosphate containing 0.1 mg. of histamine 


Table 1.— Failuhe of Pyribenzamine Usually' to Nullify Histamine Effect on Gastric 

Secretion 


Gastric secretion 
Volume in cc. 

Free acidity, units . 

Total acidity, units . 

Increase in free acidity, units 


Effect of histamine when preceded 
Effect of histamine onlj' by pyribenzamine 


Before 

After 

After pyri- 

After pyribenzamine 

histamine 

histamine 

benzamine only 

plus histamine 

33 


27 

, . 

38 

56 

41 

64 

49 

69 

53 

76 


18 


23 


The Effect of Pyribenzamine on 
Histamine-induced Headache. Picker- 
ing® studied the effects of histamine in 
producing headache experimentally. 
Actual headache, he found, is preceded 
by flushing of the face, a throbbing sensa- 
tion in the head and a fall in systemic 
blood pressure. The pressure of cerebro- 
spinal fluid was observ^ed by Pickering to 
increase markedly as the blood pressure 
decreased. In his work, headache usually 
came on in about 60 seconds after ad- 
ministration of histamine concomitant 
with return of the blood pressure to normal 
or above and with fall of cerebrospinal 
fluid pressure toward normah Clark, 
Hough, and Wolff® made similar observa- 
tions. They thought that the cause of the 
headache was increased dilatation of the 
intracranial vessels which resulted in 
production of painful impulses while the 
vessels were under normal or increased 
vascular tension. Schumacher, Ray and 
Wolff® in later studies concluded that 
extracranial and dural vessels play a 
minor role in the production of experi- 
mental histamine-induced headache, and 


base per cubic centimeter was injected intra- 
venously. Thereafter blopd pressure was 
determined frequentl}'’ and the subject was 
instructed to indicate the exact time of onset 
of headache, its location and severity and 
any changes that occurred. Following 
cessation of headache, pyribenzamine was 
administered intravenously in the following 
amounts: in 2 instances, 25 mg. of pyri- 
benzamine in 100 cc. of ph 3 'siologic saline 
solution, in the 3rd instance, 25 mg. in 150 
cc. and in the 4th instance, 12.5 mg. in 100 
cc. were administered. Then another intra- 
venous injection of histamine in the same 
amounts as preYdousb' used was given and 
the observation repeated. 

Rcsnlh. In 3 of the 4 instances, the 
headache caused b.v injection of histamine 
was much less intense and of shorter 
duration after administration of pyri- 
benzamine than before (Fig. 3). In the 
4th instance headache did not de^-elop and 
a decrease in blood pressure was not 
observed after injection of histamine. 
In all 4 instances there was also a definite 
decrease in flushing of the face and throb- 
bing sensation in the head when the 
injection of histamine followed adminfstra- 
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tion of pyribenzamine. As a control study, 
we observed that after a subject had com- 
pletely recovered from headache induced 
b}^ intravenous administration of 0.5 cc. 
of histamine diphosphate containing 0.05 
mg. histamine base a similar or even worse 
headache could be induced by injecting 
again the same amount of histamine intra- 
venously. 


The woman was seen at the clinic in 
August, 1941, when desensitization to hista- 
mine was started. It was estimated that at 
the end of 16 days the patient showed about 
65% improvement as measured by the 
amount of swelling which occurred after 
immersion of the band in water at 10° C. 
for 7 minutes. 

When the patient was again seen at the 
clinic, in 1946, she complained of inabilitj' 


Headache 

severity 

grade 



I I I f 

11 45 46 47 45 49 SO 51 Si S3 54 55 


Minutes 

Fig. 3, — Changes in blood pressure and in severity of headache of a normal person: (a) induced by 
intravenous administration of 0,05 mg. of histamine base; (b) induced by intravenous administration of 
0.05 mg. of histamine base after intravenous injection of 25 mg. of pjT-ibenzamine in 1 00 cc. of physiologic 
saline solution. 


Comment, Presumably pyribenzamine 
prevents 'the action of histamine on the 
cerebral vessels. Three of the 4 subjects 
experienced moderately severe side reac- 
tions consisting of dizziness, nausea, weak- 
ness and a feeling of pressure in the head. 

Effect of Pyribenzasiine in Tre.a,t- 
jiENT OF Patients Who Are Hyper- 
sensitive TO Cold. 

Case Reports. Case 1. A white woman, 
aged 19 3 ''ears, had first exhibited ht^per- 
sensitivitj’^ to cold in 1941. She had gone 
swimming on Maj' 30 and again on Jul}' 4. 
On the latter date, after she had been in the 
water about 2 minutes she became dizzy 
and fainted. When she was taken from the 
water, her body was red and edematous and 
her breathing was difficult. Some edema 
had persisted for about 42 hours. 


to eat cold foods or to breathe cold air with- 
out occurrence of a sense of constriction in 
the throat. A rash would develop after 
exposure to extreme cold. Headache would 
also occur after exposure to cold. 

A wheal was not produced b}- the applica- 
tion of an ice cube to the dorsum of the fore- 
arm for 3 minutes. However, the patient 
reported a sense of constriction in the throat 
and a headache after ingestion of ice water. 
Sjunptoms would appear in 2 to 3 minutes 
and would persist for 10 to 12 minutes. 
Benadrj'l administered in amounts of 50 mg, 
four times dail.v gave appro.ximately 75% 
relief of sj'mptoms. P^'ribenzamine ad- 
ministered in the same dosage gave about 
25% relief. Larger doses of the latter drug 
were tried but had to be discontinued be- 
cause of the occurrence of a severe headache 
as a side reaction. 
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Case 2. A white man, aged 35 years, had 
had swelling of the face and, hands after 
exposure to cold during the previous 5 years. 

A wheal and a flare were produced % 
application of an ice cube for 3 minutes to 
the ventral surface of the left forearm. 
Immersion of the hand and forearm in 
water at 10° C. for 12 minutes resulted in 
edema of the hand, including the fingers. 
The edema, which extended up to the line 
of immersion, persisted about 7 hours. 
Pyribenzamine was given, 150 mg. at night 
and 150 mg. the following morning, after 
which the afore-mentioned tests were re- 
peated. A wheal was not produced by 
application of an ice cube to the ventral sur- 
face of the forearm; however, edema of the 
hand and forearm occurred after immersion 
for 12 minutes in water at 10° C. The 
patient was then given another dose of 
150 mg. of pyribenzamine. The edema in 
this case lasted for only an hour. 

Case 3. A student nurse, 20 years of age, 
had urticaria after exposure to cold air. 
She was observed on one occasion after she 
had been exposed to cold air for a few 
minutes and urticaria had developed on the 
arms, forearms and thighs. The urticaria 
was accompanied b}'- itching. A dose of 15 
mg. of pyribenzamine in 100 cc. of ph 3 ’-sio- 
logic saline solution was administered intra- 
venously at the rate of 12 drops per minute. 
The pruritus ceased in 3 minutes and the 
urticarial wheals disappeared in approxi- 
matel.v 10 minutes. The drug apparenth' 
had no effect on swelling of the lip which had 
api^eared concomitanth" with the urticaria. 
The patient became drowsy during admin- 
istration of pju ibenzamine. 

She subsequenth’ took the drug orallj’ 
with prophylactic or therapeutic intent; she 
found that urticaria would not develop after 
prophylactic use of the drug and that pruritis 
and urticaria, once the.y had begun to 
develop, would disapi)car after therapeutic 
use of the drug. Two weeks after she had 
made the foregoing observations she reported 
that the drug seemed to have lost some of its 
effectiveness and that she then required 100 
mg. to produce the same benefit as 50 mg. 
had given previously. This patient also 
tried the effect of benadrvl and found that 
it took 100 mg. of benadrvl to produce the 
.'^amc effect as 50 mg. of p.vribenzamine. 


Arbesman, Koepf and Lenzner,^ in a 
clinical report on the use of pyribenza- 
mine, found it effective in preventing the 
wheal response to application of an ice 
cube in cases of phj^sical allergy to cold, 
as well as in enabling patients to tolerate 
cold without discomfort. 

Comment. We should point out that 
in our Case 1 the manifestations were 
entirely subjective. In Case 2 the edema 
persisted for only about an hour after 
administration of pyribenzamine as com- 
pared with a duration of 7 hours when the 
drug had not been used. Urticaria, which 
was the manifestation in Case 3, disap- 
peared shortly after administration of 
pyribenzamine. Both benadryl and pj^i- 
benzamine were used in 2 of the cases 
under diseussion. One of the 2 patients 
derived greater sj^mptomatic relief from 
benadryl while the other showed greater 
response to pyribenzamine when the drugs 
were given in the same dosage. 

Summary and Comment, Pyribenza- 
mine, a new antihistamine compound, has 
been studied with respect to its effective- 
ness in preventing tlie rise in gastric 
acidity induced by administration of his- 
tamine, in prevention of headache initiated 
bj' intravenous injection of histamine, and 
in respect to its effect on the s^^mptoms 
and signs of hj'persensitiveness to cold 
exhibited bj’’ 3 patients. 

There was no consistent effect of the 
drug in preventing the increase of gastric 
acidity induced b^' administration of 
histamine. The amount of p.vribenzamine 
used in these cases varied from 100 to 400 
mg. dailj" given in divided doses and the 
drug was administered o\"er periods varv- 
ing from 1 to S da.vs. 

Headache induced b\' intravenous in- 
jection of 0.05 mg. histamine base was 
.almost entirely prevented b.v intravenous 
administration of 12.5 to 25 mg. of pyri- 
benzamine. Becaiise of side reactions, we 
do not recommend that it be administered 
intravenously. We did not, however, 
observe an.v acute h\-potension or other 
alarming reactions following intravenous 
use of the compound. 
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Three patients who had symptoms or 
signs of hypersensitiveness to cold were 
studied. PjTibenzamine was of some 
value in all 3 cases in reducing the severity 
or duration of symptoms caused by ap- 
plication of provocative measures. In the 
one case in which, on adequate trial, 
pyribenzaraine was found to be of value 


in preventing or aborting urticaria induced 
by exposure to cold, it was necessary, after 
a period of 2 weeks, to increase the dose 
of drug used. It should be emphasized 
that it is not a cure for hypersensiti\’ity 
to cold but that it may give symptomatic 
relief and deserves further study in this 
condition. 
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Animals exposed to infection produce 
in their blood and tissue fluids soluble 
substances which tend to prevent or cure 
infection. These are called antibodies 
since they act against the foreign agent 
and often confer protection or immunity 
against it. Antibodies do not always, 
however, confer increased resistance but 
may actually raise the susceptibility (or 
cause sensitization) of the host. This was 
shovTi nearly 50 years ago when Fortier 
and Richet^® reported that toxic extracts 
of the sea anemone’s tentacles were toler- 
ated by dogs in a first injection but pro- 
duced violent, and often fatal, responses 
Avhen reinjection was carried out some 
days later. To characterize this lowering 
of resistance, they coined the phrase 
“anaphylactic action” to distinguish it 
from its antithesis, the prophylactic or 
protective response. Another, and per- 
haps similar, type of increased suscepti- 
bility is to be seen in allergic individuals 
who develop, for some unknown reason 
related to heredity, antibodies which sen- 


sitize them to ordinarily harmless pollens. 
It is wath this class of “pseudo-defense” 
reaction that the present article wall deal. 

Historically, the first clue to the im- 
munologic nature of hay fever was given 
by the. discovery of a related antigen, or 
foreign substance giving rise to the forma- 
tion of antibodies. Although seasonal 
“catarrh” had been blamed upon solar 
light, the heat of summer, bacteria, the 
gouty diathesis, ozone and the emanations 
of flowers and plants, it was Blackley^ 
who first gave scientific evidence that the 
last-named factor was the real cause. He 
not only reproduced the sneezing attacks 
in himself by exposure to pollen but also 
showed that susceptible patients reacted 
xdolently to pollen placed on the nasal, 
buccal or ophthalmic membranes or on 
the abraded skin. Thus a specific agent 
was shown to produce a susceptibility 
later called hay fever. 

Despite these excellent contributions, 
Blackley had few followers during the 
next 30 years, therapy in hay fever being 
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directed toward the correction of "local 
pathology ” in the nose by means of sur- 
gery, or electrocautery. In 1903 Dunbar*® 
re^'ived the pollen theory and, in an effort 
to duplicate the success of antitoxin in 
diphtheria, applied the serum of pollen- 
inoculated animals to the inflamed mem- 
branes of allergic subjects. Although 
the considerable efficacy of this therapy 
strengthened the concept that the dis- 
order was related to a specific antigen, 
final conxlction awaited the demonstra- 
tion by Noon®* in 1911 that it could be 
prevented by a series of preseasonal injec- 
tions with pollen extract. The concept 
at this time was that hay fever was the 
result of a combination of antigen with 
an antibodj'' probably of the same t^^pe 
as that demonstrated in sensitized am'mals. 
Since it had been shown that anaphyla.xis 
could be prevented by means of repeated 
small injections during the interval be- 
tween the first and the later “shocking” 
dose, the success of Noon’s therapy was 
explained on a similar basis and his pro- 
cedure referred to as "desensitization.” 
It made the assumption that the hypo- 
thetical antibodies of hay fever were 
gradually saturated and inactivated by 
the administered antigen. 

Ten years later, e\adence for the 
e.xistence of allergic antibodies was first 
given by Prausnitz® when he injected a 
small amount of serum from fish-sensitive 
Kuestner into normal skin and obtained 
an urticarial response to a later test with 
the fish extract. Although this demon- 
stration added to the theory that hay 
fever and other allergic disorders were 
analogous to anaphylaxis in that the anti- 
gen-antibody reaction was detrimental to 
the host, it was not long before certain 
differences in the 2 states were pointed 
out. For e.xample, the quality of the 
experimental antibodies to precipitate and 
to fix complement when mixed nlth their 
antigens could not be shonm for the 
Prausnitz-Kuestner factor. The suscepti- 
bility of the latter to heating also stood 
in contrast to the other antibodies. By 
1926 I.er-ine and Coca®^ threw more doubt 


on the theory by showing, in PK (Praus- 
nitz-Kuestner) e.xperiments with serum 
from hay fever cases, that allergic sensi- 
tizing bodies were not decreased but were 
often increased in the circulation as the 
result of Noon therapy. Thus the phe- 
nomenon of desensitization, so character- 
istic of the experimental state, was not 
to be elicited in man. Schmidt and Lip- 
pard** later tried to reconcile the 2 schools 
by suggesting that the very increase in 
allergic antibodies might serve to bind up 
the antigen in the blood stream before it 
could reach the allergic tissues and cause 
distress. However, this theory is not con- 
vincing when one considers that atmos- 
pheric pollen contacts the eyes and nose 
before gaining entrance to the circulation. 
Although there was uncontested accep- 
tance of the idea that hay fever was due 
to the union of allergic antibodies (or 
reagins, as Coca preferred to call them) 
with pollen antigen in the tissues, the 
mechanism underlying Noon’s prevention 
of .symptoms was unknown for years 
after the Prausnitz-Kuestner demonstra- 
tion. Indeed, many allergists claim that 
it is still a mystery. 

There were clues to a possible answer, 
however, in the European literature of 
the late 20’s and earlj' 30’s. Van Leeuwen 
and Kremer® noted that serum from some 
mold-sensitive cases tended to reduce the 
response of skin allergic to this antigen. 
The follo'wing year, Jadassohn" described 
a similar neutralizing quality in ascaris- 
sensitive serum. It is of interest that both 
these obseiA'ers believed that the sensitiz- 
ing and neutralizing functions of their 
sera were properties of 1, rather than of 2, 
immune bodies. Shortly Gyorgy, hloro 
and Witebsky*® distinguished, hower'er, 
between egg-allergic and egg-immune in- 
fants by means of the different zones of 
complement fixation shown by their sera, 
and IVoringer® too referred to “deux 
sortes d’anticorps ovalbuminiques” in the 
blood of nurslings. 

In 1935 Cooke, Barnard, Hebald and 
Stull' stimulated interest in the concept 
of 2 coexisting tjqjes of antibody by 
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observing that the neutralizing quality 
was to be found only in sera of those of 
their hay fever patients who had been 
receiving trcatweni of the Noon variety. 
After a number of injections, a reduction 
could be found in the whealing that re- 
sulted when the patient’s serum was 
mixed Avith antigen and introduced into 
normal skin. To explain this reduction 
they postulated the development, during 
pollen therapy of hay fever patients, of 
an immune factor differing from reagin 
(or Prausnitz-Kuestner antibody). Be- 
cause this interference with whealing Avas 
noted in serum-antigen mixtures Avhen 
tested in normal skin but not Avhen 
injected into allergic skin, they concluded 
that the phenomenon Avas not due to 
combination of antigen Avith the neAV 
factor but to some other undetermined 
process. Because an antibody by defini- 
tion must react demonstrably Avith its 
antigen, they referred to the hypothetical 
substance as a “peculiar, blocking or 
inhibiting type of immune antibody.” 
Although Harley-® concurred that the 
Cooke factor did not bind its antigen, it 
was later shoAAui by the author-® that the 
substance Avas an antibody and that the 
failure of earlier investigators to detect 
its antigen-binding nature Avas referable 
to their use of excessiA-e amounts of 
antigen. 

"Within the next 2 years, the author® 
experimenting in Cooke’s laboratory, suc- 
ceeded in producing pollen antibodies in 
three normal volunteers. These antisera 
possessed the blocking principle described 
by Cooke but lacked all sensitizing poAA'er; 
that is, gave negative PIv tests. At the 
same time, Cohen and Nelson® Avere inde- 
pendently producing the same immune 
body in normal sheep by means of pollen 
injections. .-Vlthough it Avas natural to 
assume that such an antibody AA'as formed 
by hay fever subjects, it Avas not until 
2 years later that a means Avas found to 
separate it from the coexisting reagins 
Avhich had confused the results of "PK 
tests. By means of controlled heating, 
the Avriter^ inactiA’ated the reagin present 
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in the serum of treated, pollen-sensitive 
patients and then titrated the still actNe 
immune antibody. It Avas thereafter a 
simple matter to compare the antigen- 
combining quality of such heated sera 
A\ith that of specimens taken from the 
immunized, non-allergic volunteers. No dif- 
ference could be detected betAA^een the two. 

The neAvly found antibody Avas formed 
AA'ith regularity in all subjects, AAdrether 
allergic to the antigen or not. It bound 
and inactivated its pollen antigen, as 
demonstrated by negatiA^e urticarial re- 
sponses to pollen-serum mixtures tested 
in naturally sensitive as Avell as in pas- 
sWely sensitized skin. This neutralizing 
capacity Avas definite but limited, the 
usual skin-test reaction resulting if too 
much antigen Avas introduced into the 
test mixture. The antibody differed from 
reagins not only in its resistance to heat 
and in its failure to sensitize skin but also 
in the speed Avith AAdiich it disappeared 
from inoculated cutaneous sites. This 
latter characteristic had been touched 
upon by Langner and Kem^^ in their 
earlier experiments AAith unheated, post- 
treatment serum from pollinosis cases. 

Adequate confirmation has been made 
of the existence of these immune bodies. 
Sherman, Hampton and Cooke^ found 
that such heat-resistant antibodies Avere 
ti’ansmitted to the offspring through the 
cord blood Avhereas the reaginic bodies of 
the mother Avere unable to pass the placen- 
tal barrier. Gelfand and Frank^® noted 
the induced antibodies in tbeir treated 
hay fcA'cr subjects Avith regularity, as did 
also hlaunsell.®' "IMiereas these iuA'esti- 
gators employed modifications of the pas- 
siA-e transfer technique employed by the 
Avriter,®® Scully and Rackemann'*^ arriA^ed 
at the same conclusion by the use of tbe 
older method of Cooke Avherein not only 
the thermostaijie factor but also the un- 
heated reaginic components of the serum 
contribute to tbe end-points. 

Recently another pi’ocediire for measur- 
ing thermostable antibodies in human 
serum ha.s been suggested by Hampton, 
Johnson, Alexander and ^Yilson.^® This 
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microprecipitin technique calls for the use 
of rabbit antipollen serum. The extent to 
which the precipitation of rabbit serum 
can be postponed by the presence of human 
thermostable antibodies serves as a meas- 
ure of the latter. Presumably, the method 
indicates the amount of antigen which is 
bound and neutralized by the human 
serum. As in the instance of the passive 
sensitization type of titration, there ap- 
pears to be a successful competition by 
the thermostable antibody for the antigen 
which is thereby prevented from uniting 
with the rabbit antibodies. In several 
reports, evidence for the presence of the 
neutralizing, heat-stable antibodies in the 
treated ragweed-sensitive patients hsis 
been given by this method.^’- 

Although Cohen and Weller® believed 
that they could distinguish post-treatment 
serum from that of the untreated patient, 
Swineford'*® has not been able to sub- 
stantiate their claims using the same, 
collodion particle method of agglutination. 

The existence of these 2 different types 
of antibody in man has, however, been 
observed Ijy workers investigating other 
antigens. LowelF'®® deduced that anti- 
bodies similar to pollen-reagins accounted 
for his patient’s urticaria, bronchial con- 
striction and collapse after taking insulin, 
whereas thermostable, neutralizing factors 
were responsible for her periods of insulin- 
fastness. Similar antibodies have been 
found by the author® in a woman who 
was exquisitely allergic to insulin. As 
graduated doses of insulin gradually 
built up a high level of clinical tolerance, 
her blood and tissues gave evidence of 
acquiring neutralizing antibodies which 
proved to be heat-resistant. When tlier- 
apy was intemipted, this immunity was 
lost and a small close of insulin led to 
extreme urticarial eruption and collapse. 
Her rcagins remained relatively unchanged 
throughout the period of study. In addi- 
tion to insulin, a number of other antigens 
have been noted by us to produce the 
2 varieties of immune response. Among 
thc'se arc cryst.'illine ovalbumen, bovine 


lactalbumen, beef and lamb, silk, and 
animal danders. 

That this dual antibody relationship is 
not confined to man has been brought out 
by Witticld® in the case of dogs and by 
Weil and Reddin^’ for cattle. Wiereas 
their animals showed spontaneous pollen 
allergy, numerous other workers have 
been able to induce the 2 varieties of 
immune body in rabbits and guinea pigs. 

The clinical role of thermostable antibodies 
in man has proven a most difficult matter 
to determine, in spite of the strong logic 
in the idea that a factor capable of neu- 
tralizing a foreign irritant should be of 
protective value to its host. At the out- 
set of exploring this possibility, it was 
necessary to learn whether the antibodies 
were present in the tissue fluids as well as 
in the circulation; for it was not to be 
expected that immunity distant from the 
allergic portals of entry would prove of 
much worth in preventing hay fever. 
Although it was the accepted belief that 
successfully treated patients showed no 
loss of skin sensitivity, delicate threshold 
tests revealed that this was a misconcep- 
tion.*^ Not only in the skin but also in 
the conjunctiva, it could be shown that 
the tolerance rose or subsided as the titer 
of thermostable antibody in the patient’s 
blood was increased by Noon’s therapy 
or was allowed to fall by discontinuing 
the pollen injections. This relationship 
betw'een circulating and fixed antibodies 
was confirmed by Sherman.^ The as- 
sumption that the induced antiljodies 
played some role in the patient’s protec- 
tion against the atmospheric pollen was 
strengthened decidedly by this finding. 
This assumption is, however, strongly 
contested as the following comments will 
indicate. 

When the antibody was still in the 
hypothetical stage, the Cooke group^ 
were enthusiastic about their success 
vith transfusions of blood taken from 
treated cases of hay fever, and spoke of 
a “transferable protective substance.’’ 
Langner and Kem*^ noted a similar reduc- 
tion in symptoms when untreated indi- 
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viduals were iniected intramuscularly wth 
50 cc. of serum drawn from immunized 
patients. Our own transfusions of blood 
or serum taken from highly immune, 
normal subjects who lacked the reagins 
present in earlier experiments proved to 
be promptly effective in acute hay fever.®^ 
Attempts to correlate the titer of thermo- 
stable antibody with the relative freedom 
from hay fever noted among groups of 
patients have, however, been less encour- 
aging. Although MaunselF'' related sea- 
sonal resistance to the concentration of 
her patient’s antibody, neither Scully^^ 
nor Gelfand*® have detected any such 
connection. Among others, Cooke® is now 
of the opinion that the thermostable 
antibodies are not the important factor 
in clinical immunity. 

These discouraging results should not, 
however, lead anyone to abandon the 
tlieory of protective antibodies in allergy. 
There is no other reasonable explanation. 
It is clinically well knorvn that the pro- 
tection resulting from injections is specific. 
This fact requires the assumption of a 
specific nature of the protective mechan- 
ism. In other words, as Coca'* points out, 
“the protective mechanism must neutra- 
lize either the sensitizing antibody or the 
antigen.” Since the sum total of pollen 
antigen given during a course of treatment 
is sufficient to neutralize only a small 
fraction of the reagins and since it is well 
established that reagins are not dimin- 
ished by therapy, the relief of hay fever 
cannot he attributed to desensitization. 
This situation leaves, to continue the quo- 
tation, “only one other conceivable e.x- 
phmation of the phenomenon we are 
discussing: namely, that it is the result 
of the formation of neutralizing immune 
antibodies.” 

There are, in addition to such theoretical 
arguments for the e.xistence of a protective 
antibody in hay fever, a number of practi- 
cal reasons why a correlation between anti- 
bodies and clinical control might he 
extremely difficult to demonstrate. For 
e.vample, all investigators (e.xcept Alex- 
ander) who liave attacked the problem 


have limited themselves, to date, to the 
method of passive sensitization. These 
techniques are apt to produce inconstant 
results except after long experience. Fur- 
thermore, the end-points obtained vary 
decidedly with the test subject chosen, 
and this fact has been disregarded by 
everyone. Scully neglected to remove a 
variable from her studies when she titrated 
her sera in the unheated state. In con- 
trast, Maunsell was dealing with tliermo- 
stable components only when she deter- 
mined the pollen-binding power of her 
patient’s serum by means of tests in his 
own skin. We found this “ auto-transfer” 
method very satisfactory some years ago.®® 
The influence of the “test-subject” under 
such circumstances would not be e.xpected 
to confuse the issue in the manner of a 
borrowed test-subject, since any host fac- 
tors affecting the serologic titration would 
likewise probably be reflected in the clini- 
cal outcome. 

Another, less important, variable in the 
serologic technics is the factor of ageing 
of the test-antigens. This has not been 
given adequate attention. 

Far more significant than these vari- 
ables are others referable to the patient 
himself. Neither the external enxdron- 
ment (nith reference to atmospheric pol- 
len and many other influential factors) 
nor the internal environment (including 
the concentration of reagins, and innumer- 
able physical and mental factors contribut- 
ing to tlie end-result in hay fever) can be 
held to be alike in any 2 patients. Just 
as there is a range of reactions in most 
biologic mechanisms, such as the response 
to drugs, hormones like insulin, antiserum 
and a host of other agents, so also one 
would anticipate that 2 individuals uath 
identical amounts of thermostable anti- 
body might show somewhat different 
behavior during the pollinating season. 

With this biologic variation in mind, 
we sought to reduce the complexity of 
the situation by concentrating on the 
indixndual rather than on groups as had 
been the case witli other investigators 
seeking correlation between serologic and 
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clinical immunities. Among 52 patients 
observed for a number of years, it was 
found^® that a tendency was present for 
symptoms to be milder Avhen the blood 
titer was high than when it was lower. 

Further simplification has been attained 
by replacing the serologic procedure wth 
direct conjunctival testing of the patient. 
The undesired influence of the borrowed 
test-subject was thereby replaced by the 
desired effect of native host factors on the 
outcome of the titration. As anticipated, 
the level of conjunctival response which 
was associated with optimal clinical pro- 
tection was found to varj" with the indi- 
vidual, but these differences were not as 
great as those encountered in passive sen- 
sitization procedures. By thus reducing 
the variables in the test, it became evident, 
even in making comparisons among a 
group, that the higher conjunctival thres- 
olds of 95 subjects were usually associated 
wnth the better clinical results.®^ The 
correlation was not sufficiently close, how- 
ever, to permit of accurate predictions in 
advance of the season of pollination in 
the instance of newly acquired patients. 
Once the conjunctival threshold for a 
given individual had been determined in 
relation to a successful season, it could 
be used as a satisfactory index to future 
immunization. ^Ye are continuing to ac- 
cumulate this type of ophthalmic and 
clinical data with a view to making 
statistical analysis of groups segregated 
according to underlying sensitiwty. At 
present there is adequate population in 
only 1 class of sensitiveness, that of pa- 
tients whose eyes respond to small test- 
doses of antigen (after they ha^•e been 
given a respite from injections for at 
least 10 months). Among 77 such equally 
allergic subjects, a tendency has been 
noted for tlie median hay fever hours to 
be progressively fewer as the conjunc- 
tival tliresholds were found liigher after 
therapy. By segregating cases in this 
way, it should prove possible to minimize 
the influence of at least 1 of the biologic 
variables— that of sensitizing antibodies — 


and thereby to increase the significance 
of group studies. 

\Mien more controlled means of testing 
the relationship between conjunctival re- 
acti\dty and clinical susceptibility are 
evolved, it may well be found that the 
tolerance of the eye reflects the general 
immune status of the patient -with con- 
siderably more reliability than can now 
be claimed. The basis for this statement 
is our experience with the eye test as a 
guide to the tolerance for injected antigen. 
For the past 5 years, it has been our prac- 
tice to give each patient as much pollen 
antigen as he could take at every visit. 
Recent comparisons between the speed of 
therapy and the degree of ophthalmic sen- 
sitivity noted prior to the course have 
revealed a relationship between the 2. 
Although a range of speeds has been toler- 
ated !)y the various members of each eye 
test group, the median ^'alues reveal a 
steady improvement in the capacity to 
take antigen as the conjunctival sensitirity 
preceding the course is lower. By referring 
to a curve constructed for each conjunc- 
tival class of initial sensitiveness, it is 
now possible to see what proportion of 
patients w'th a given degree of allergy 
have tolerated different paces of im- 
munization. It is our custom to start a 
new patient on that booster schedule 
which has been safely taken bj' tluree- 
quarters of the patients in his eye class. 
This demonstrated correlation between 
the conjunctival and the systemic suscep- 
tibility makes it likely that a similar con- 
nection may eventually be found to e.xist 
between the eye classification at the end 
of treatment and the patient’s beharior 
toward atmospheric pollen. A testing 
chamber with controlled pollen atmos- 
phere would aid in the exploration of this 
prospect. 

The attempts of .Ylexandcri'- to find a 
relationship between thermostable anti- 
bodies and clinical relief were at first fruit- 
ful and later discouraging. Some of the 
difficulties enumerated above for the bio- 
logic methods of titration were also present 
in his studies. He did, however, exclude 
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the test-subject variable by using the 
Hampton precipitin technique. 

Praciical contributions to medicine have 
come out of the preceding theoretical in- 
vestigations on the immunology of allergy. 
One of these is the short, or "booster,” 
pre-seasonal treatment. The clue to this 
was found during the production of pollen- 
neutralizing antibodies in normal volun- 
teers,^® In order to learn whether the 
phenomenon of the so-called anamnestic 
response could be elicited, the subject was 
allowed a period of rest for some months 
and then stimulated with a large dose of 
antigen given in a short period. "When 
an acceleration and heightening of anti- 
body production resulted, it was decided 
to apply the principle with caution to the 
hay fever patient. After their initial 
therapy and an ensuing rest period, these 
subjects were able to take much faster 
courses than at first, and produced anti- 
body more rapidly and more vigorously.®® 
Bj’’ utilizing this “booster” principle 
and limiting the seasonal dose to that 
amount of antigen which would raise the 
eye response to a level known to be asso- 
ciated vith clinical immunity, it has been 
found®^ that most individuals need far less 
therapy than is customarily given. In- 
deed, the average patient can be given 
his optimal result in as few as 7 or 8 injec- 
tions and with as little as 0.1 mg. of 
“protein” nitrogen. The safety of such 
intensive therapy may be insured by 
adjusting the rate of increase in dosage 
to the tolerance of the individual, as 
judged by initial eye test and observation 
of the localized responses to each injection. 

This year, a means of still further cur- 
tailing the treatment of hay fever has 
been tried in our laboratory. It is a 
procedure borrowed from e.xpcrimental 
immunologists, who for many years have 
sought to improve the immune responses 
of animals by including various adjuvant 
substances in their antigenic solutions. 
Allergists, too, have sought for sjTiergistic 
effects from such substances as gelatin, 
alum, tannic acid precipitation of the 
excitant, and admixture of their allergens 


with oil. Recently a very successful ad- 
juvant procedure has been described by 
Freund.”’’®-'® This consists of emulsifying 
the aqueous antigen vdth mineral oil con- 
taining killed acid-fast bacilli and a 
lanolin-like substance, Falba or Aquaphor. 
Antibody responses to such emulsions are 
strikingly heightened and prolonged, even 
in some instances where the tubercle 
bacilli or acid-fast organisms are omitted. 
Whereas Freund employed such antigens 
as horse serum, tjq>hoid bacilli and toxoid 
as antigens, Friedewald” had equal suc- 
cess in bis animals with the use of influenza 
vaccine. Omission of the acid-fast bacilli 
diminished the sjmergistic effect. Kulka 
and Hirsch®® noted that the incorporation 
of ragweed pollen extract into Aquaphor 
and paraffin containing killed tubercle 
bacilli led to high and persistent antibody 
production as well as to marked sensitivity 
in rabbits and guinea pigs. Henle and 
Henle®’ are the first to have published on 
the use of this adjuvant method in man. 
Vaccination of 80 women with influenza A 
and B antigens, in an emulsion of mineral 
oil and Falba, produced higher and more 
sustained titers than were found among 
the control group given aqueous vaccine. 
Halbert, Mudd and Smolens’’’ had notable 
success with Shigella antigen in mineral 
oil and Falba, and concluded that the 
presence of acid-fast bacilli was not an 
important factor in the effectiveness of 
the menstruum. In additional laboratory 
experiments with this simplified form of 
the adjuvant, these investigators’® were 
able to reduce decidedly the acute toxicity 
of such substances as ricin, botulinus and 
tetanus to.xins. They have not yet pub- 
lished their results with the use of simpli- 
fied adjuvant in 70 human subjects. 

These observations ha^'e stimulated the 
author to test the efficacy of the simplified 
adjuvant mixture in pollen-allergic pa- 
tients. Accordingly, 14 patients were 
given their booster stim\jli in the form of 
1 injection containing from 200 to 2000 
units of ragweed antigen emulsified in 
Falba and mineral oil; 18 others took 
COO to /250 units in 2 such subcutaneous 
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treatments, a few days or weeks apart. 
One indi\adual was administered his usual 
dose of 11,000 units in 4 visits. The 
volume of each injestion was betv'een 0.1 
and 0.3 ml. of the emulsion. 

In keeping •with the reduction in toxicity 
noted by Halbert, there were remarkably 
few untoward reactions to these doses, 
which ranged in size from 2- to 20-fold 
the amount preHousIy tolerated bi'’ the 
patient in aqueous form. "t\Tiereas, only 
4 mild systemic responses occurred in con- 
nection with the first 33 treatments, more 
difficult 5 ' was encountered after the 19 
second inoculations which elicited 2 slight, 
1 moderate and 1 severe overdose reaction. 
These doses were larger than the initial 
ones given the same indmduals by 2|- 
to 6-fold. The limits of safety of the 
procedure were thus exposed. In all, 9 
untoward responses were encountered 
among 54 adjuvant doses given oim 33 
subjects. All but 2 were of mild nature. 

The immunologic responses to adjuvant 
antigen were gauged by the usual thresh- 
old tests of the conjunctiva, comparisons 
i)eing drarni vnth similar data for past 
seasons when total preseasonal doses of 
10,000 units or more had been adminis- 
tered in aqueous form. Whereas these 
past courses had improved the ophthalmic 
tolerances by ratios ranging from 1 to 32 
with a median value of 4, the adjuvant 
courses have increased the reaction Ie\'el 
of the eye by about twice these amounts, 
the range being 2 to 64 and the median 
ratio being 8. 

The clinical efficacy of tliis new form of 
immunization can be gauged now that the 
current season of ragweed pollination is 
over. .Vinong the 31 members of the adju- 
vant group whose clinical data are up to 
date, 13 give a history of having gained 
almost complete relief from their original 
symptoms. This figure is to be compared 


with 10, the number of e.\'cellent results 
recorded by them in an earlier year. A 
loss of at least three-fourths of their hay 
fever has been noted by another 8 of the 
.subjects, which is identical with the num- 
ber claiming this degree of success for a 
prior season. Fair responses Ooss of 50 
to 70% of original sj^ptoms) were re- 
ported by 5 of the series whereas 9 of them 
had given a similar estimate for a preced- 
ing course. Poor outcomes, with less than 
half of the hay fever abolished, were de- 
scribed by 5 of the 31 individuals. Three 
of these had failed to procure relief after 
usual therapy. Moreover, our’pollen’count 
was 1807 in 1947, compared to 1332 in 
1946 and an 18-year mean of 1109. 

On the whole, it would appear that the 
clinical efficacy of the abbrcAuated therapy 
in adjuvant form compares faA'orably with 
that of more protracted courses calling 
for aqueous antigen. There has been no 
localized discomfort or abscess formation, 
as encountered in 2 of Henle’s 80 patients. 
The incidence of untoward reaction can 
doubtless be reduced during future trials. 

It should be emphasized in closing that 
this form of adjuvant therapy is in its 
developmental stages and is under no cir- 
cumstances ready for application to office 
practice. Only by \Trtue of our intimate 
acquaintance with each patient’s tolerance 
was it justifiable to administer the amounts 
of antigen specified abo\’e. The investi- 
gation is mentioned because of its interest- 
ing implications for the future manage- 
ment of allergic diseases and particularly 
because of its bearing on the theory of 
protection. This further demonstration 
that an immunologic procedure can bring 
about a clinical insusceptibility which is 
associated with the production of specific, 
neutralizing antibodies makes the concept 
of a protective role for these bodies still 
more valid. 
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RHEUMATOID SPONDYLITIS 

By David G. Pugh, M.D. 


The work of recent investigators^---^'®- 
9,13-15 jjgg greatly increased knowledge of 
rheumatoid spondylitis and has resulted 
in the establishment of criteria for the early 
diagnosis. The purpose of this rewew is 
to emphasize these criteria. For those 
who are interested in the clinical aspect 
of the subject the works of Policy,*^ Boland 
and PresenV Boland and Shebesta,* Polley 
and Siocumb,’® Hench, Slocumb and Pol- 
icy,® and Dunham and Kautz® are espe- 
cially recommended. 

The diagnosis of early rheumatoid spon- 
dylitis reflects progress in radiology since 
roentgenologic observations often contrib- 
ute important information which may lead 
to the diagnosis being made before the 
symptoms are conspicuous and it is not 
infrequent that tlie roentgenologic diagno- 
sis of early rheumatoid spondylitis is made 
before that condition has been suspected 
clinically. Clinicians who are especially 
interested in this disease can recognize it 
1\\- the symptoms alone very quickly, but 
physicians who are not so well acquainted 
with it not infrequently fail to recognize 
the indefinite symptoms of early riicuma- 
toid spondylitis. Therefore the roentgen- 
ologist can be of great service by recogniz- 
ing the early roentgenologic manifestations 
of the disease and suggesting tlie presence 
of tliat condition to the clinician. 

Confusion in terminology has led to 
mi.<undcrstanding witli regard to rheuma- 
toid spondylitis. There arc not many 
types of arthritis of the spinal column. 
Hypertrophic arthritis or ostco-arthritis of 
the spinal column is not the result of infec- 
lion or inflammation hut merely of wear 
and tear. Infectious arthritis due to cer- 


tain specific infections is usually localized 
to a few segments of the spinal column; 
the infections include tuberculosis, brucel- 
losis, typhoid and pyogenic infections. 
Tabetic arthropathy falls in a special cate- 
gor 5 f. Rheumatoid spondylitis is the only 
other true arthritic process affecting the 
spinal column and it is the only one, aside 
from osteo-arthritis, which may affect the 
entire spinal column. The use of numer- 
ous synonjmis has led to considerable 
confusion. Policy has assembled the fol- 
lovdng synonyms for rheumatoid spondyli- 
tis: (1) spondylitis ankylopoietica (Fraen- 
kel) ; (2) spondylitis ossificans ligamentosa 
(Knaggs); (3) spondylitis rhizomelique 
(Marie); (4) spondylarthritis ankylopoi; 
erica; (5) spondylitis ankyloarthritica- 
(6) spondylitis adolescens (Scott); (7) 
vertebral type of arthritis deformans 
(Osier); (8) spondylitis deformans (com- 
mon term in England); (9) ankylosing 
polyarthritis (Oppel); (10) fibrositis an- 
kylopoietica dorsi (Krebs); (11) syndes- 
mitis ossificans; (12) spondylitis atrophica 
ligamentosa; (13) Marie-StriimpeH’s dis- 
ease; and (14) von Bechterew's disease. 

Naturally the use of so many different 
terms has not aided in clarifying the suii- 
ject. Tile early investigators did not have 
the advantage of roentgenologic observa- 
tions and, therefore, their understanding 
of the disease was necessarily the more 
incomplete. This applies especially to the 
former belief that there were 2 types of 
rheumatoid spondylitis: the Marie-Striim- 
pell type that was supposed always to 
begin in the lumbar region, and the 
von Bechterew tj-pe which was supposed 
to start in the thoracic region. There is 
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no reason to divide rheumatoid spondyl- 
itis into 2 types. According to most 
observers the disease almost always starts 
in the sacro-iliac joints and the lumbar 
apophyseal joints and then progresses 
upward. Only rarely is the thoracic por- 
tion of the spinal column involved when 
the sacro-iliac joints and lumbar portion 
are hot involved also. In an endeavor to 
clarify the situation the American Rheu- 
matism Association has adopted the term 
“rheumatoid spondylitis;” the use of that 
term by all investigators is most earnestly 
recommended. 

Hench, Slocumb and Policy® have de- 
fined rheumatoid spondylitis as an in- 
flammatory disease of unkno^vn origin 
which generally begins in the sacro-iliac 
joints and progressively involves the 
apophyseal joints of the spinal column, 
the paravertebral muscles and ligaments 
and the costovertebral and costochondral 
junctions. Inflammation, destruction and, 
as a rule, ankylosis of the sacro-iliac joints 
occur. Sjmovitis with destructive arthri- 
tis of the apophyseal joints is followed by 
ankylosis. Painful spasms and contrac- 
tures of the paravertebral muscles occur. 
Calcification of the paravertebral liga- 
ments is seen. Sometimes the hips and, 
less often, other joints of the extremities 
are involved. The shoulders are affected 
only occasionally. Hence rheumatoid 
spondylitis is chiefly a disease of the spinal 
column or torso. 

As the term “rheumatoid spondylitis” 
implies, this condition is thought by many 
to be related to rheumatoid arthritis. 
This relationship has not been definitely 
established and it is still the subject of 
considerable controversy. The arguments 
favoring and opposing this concept have 
been summarized by Hench, Slocumb and 
Policy.® In opposition to the concept are 
the following points: (1) The sex inci- 
dence of the 2 diseases is different. Rheu- 
matoid arthritis is 2 or 3 times more fre- 
quent in women than in men. Rheuma- 
toid spondylitis is 9 times more frequent 
in men than in women. (2) The age inci- 
dence also is different. Rheumatoid 


arthritis develops most frequently in per- 
sons who are between the ages of 25 and 
40 years. Rheumatoid spondylitis devel- 
ops usually in persons who are between 
15 and 30 years of age. (3) Calcification 
of ligaments is rare in rheumatoid arthritis 
and common in rheumatoid spondylitis. 

(4) Subchondral rarefaction occurs in 
rheumatoid arthritis whereas subchondral 
osteitis is seen in rheumatoid spondylitis. 

(5) Subcutaneous fibrous nodules are 
found in rheumatoid arthritis but not in 
rheumatoid spondylitis. (6) Iritis is 2 or 
3 times more common in rheumatoid 
spondylitis than in rheumatoid artlmitis. 
(7) The concentration of agglutinins of 
hemolytic streptococci in the blood is 
lower and that of plasma phosphatase is 
increased more often in rheumatoid spon- 
dylitis than in rheumatoid arthritis. (8) 
More or less complete remissions are more 
common in rheumatoid spondylitis than 
in rheumatoid artlwitis. (9) Chrysother- 
apj’^ is effective in a considerable per- 
centage of the cases of rheumatoid arthritis 
but is of no value in rheumatoid spondyli- 
tis. (10) Roentgen therapy is of value 
in rheumatoid spondylitis but is not useful 
in the treatment of rheumatoid arthritis. 

Favoring the concept that rheumatoid 
spondylitis is the spinal equivalent of 
rheumatoid arthritis are the following 
points: (1) In cases of rheumatoid 
spondylitis arthritis of peripheral joints 
sometimes develops which is clinically in- 
distinguishable from peripheral rheuma- 
toid arthritis without spondylitis. (2) 
The pathologic reactions in the affected 
hips and peripheral joints of rheumatoid 
spondylitis are identical with those of 
rheumatoid arthritis without spondylitis. 
(3) In certain cases in which peripheral 
joints are affected first, classic rheumatoid 
spondylitis later develops. (4) The pa- 
thologic reactions in the vertebral apo- 
physeal joints of patients who have 
rheumatoid spondylitis are said to resem- 
ble those of classic rheumatoid arthritis 
without spondylitis. 

The pathologic processes that are pre.s- 
ent in rheumatoid spondylitis have been 
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evidence of vertebral involvement. Cases 
were reported by Buckley^ and Gordon^ 
in wbich there was no roentgenologic 
evidence of sacro-iliac disease. Key and 
associates^® studied the bones of 2 patients 
with rheumatoid spondylitis who died and 
who had vertebral involvement but who 
had no changes in the sacro-iliac joints. 
Oppenheimer’® and Borak,® although recog- 
nizing that changes in the sacro-iliac joints 
were frequent, stated that the diagnosis 
must be based on roentgenologic evidence 
of alteration in the vertebral apophyseal 
joints. 

Most investigators have found that the 
roentgenologic demonstration of disease 
of the apophyseal joints of the spinal 
column is difficult and not reliable as a 
basis for the diagnosis of early rheumatoid 
spondylitis. The apophyseal joints must 
be studied by means of roentgenographic 
views taken at special angles and since 
the plane of the apophyseal joints varies 
greatly, it is often necessary to take 
several views at different angles. Oppen- 
helmer,” who has contributed much to 
our knowledge of changes in the apophy- 
seal joints, mentioned the difficulty of 
demonstrating these changes roentgeno- 
logically, Boland and Shebesta^ found 
changes in the apophyseal joints in only 
9 of their 50 cases, and Boland and Present 
never found the apophyseal joints involved 
unless the sacro-iliac joints were affected 
also. If the. roentgenologist is to find 
evidence of rheumatoid spondj’litis in 
patients in whom this disease is not sus- 
pected clinically, he must do this by means 
of routine roentgenographic views and, 
therefore, he most certainly must depend 
on the changes in tlie sacro-iliac joints 
rather than those in the apophyseal joints. 

The earliest changes of rheumatoid 
spondylitis that occur in the sacro-iliac 
joints arc not always easy to recognize in 
the roentgenogram. These do not consist 
of marginal sclerosis, as some investigators 
have stated, but instead, as Forcstier 
noted, the contour of the subchondral 
hone of the sacro-iliac joint becomes in- 
distinct and hazy; the joint loses its clear- 


cut margins and becomes indistinct. This 
marginal decalcification causes the joint 
to appear widened. Somewhat later 
sclerosis begins to appear at the margins 
of the joints. This osteosclerosis may be 
spotty and mottled and at this stage the 
margins of the joint are even more indis- 
tinct, The process gradually progresses 
until there is loss of the joint space and 
fibers of bone axe seen growing across this 
space. These osseous fibers are the first 
evidence that ankylosis is developing 
and this process progresses until ulti- 
mately there is smootli bony ankylosis of 
the joints. If the diagnosis of rheumatoid 
spondjditis is to be made early in the 
course of the disease, the roentgenologist 
must search carefully for those early 
manifestations of the disease which con- 
sist of decalcification at the margins of the 
joint with resultant indistinct outlines of 
the joint. A moderate degree of marginal 
sclerosis occurs fairly early many times 
but dense sclerosis of the bone and ankylo- 
sis are late manifestations of the disease. 
At times only 1 sacro-iliac joint will show» 
evidence of disease; Policy” noted this 
unilateralitj' in 6 of his 1035 cases. 

Roentgenologic evidence of vertebral 
involvement almost always appears much 
later than that of sacro-iliac involvement. 
In routine lateral roentgenologic ^^ews the 
first apparent change in the vertebree 
indicative of rheumatoid spondylitis is a 
peculiar “squaring-off" of the vertebral 
bodies. This change usually is e\ddent in 
the thoracolumbar region first and it is 
due to fine calcification of the anterior 
longitudinal ligament which causes a fill- 
ing in of normally concave anterior 
vertebral surfaces and “squares off” the 
anterior %'crtebral angles. Later in the 
course of the disease calcification of the 
vertebral ligaments is more obvious and 
appears in the roentgenogram as fine lines 
of calcification which cross from the mar- 
gin of one vertebral body to the next. 
At first this process can be seen only in 
1 or 2 interspaces, usually in the lumbar 
region. Later the ligamentous calcifica- 
tion becomes dense and more extensive 
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ment is usually bilateral but it has been 
reported in only 1 joint. The etiology is 
unknown. The condition is rare, but when 
it does occur, it is frequently during or 
after pregnancy. It is characterized by 
recurrent attacks of clironic low backache. 
The sedimentation rate is ncA'er elevated. 
Its resemblance to rheumatoid spondylitis 
is superficial. 

Unilateral destructive changes in the 
sacro-iliac joints due to tuberculosis or 
osteomyelitis are seen at times. There is 
not much resemblance to rheumatoid 
spondylitis when this occurs. 

The roentgenologic manifestations of 
rheumatoid spondylitis, therefore, appear 
distinctive and do not seem to resemble 
closely those of any other conditions which 
involves the spinal column and sacro-iliac 
joints. The most important factors in 
the roentgenologic diagnosis of early 
rheumatoid spondylitis are close scrutiny 
of the sacro-iliac joints and the ability to 
recognize the early manifestations of the 
disease as it affects these joints. 

Boland and Present* have listed the 
following conditions under which rheuma- 
toid spondylitis should be suspected and 
it would be well if all physicians were, well 
acquainted with these. 

“1. Suspect rheumatoid spondylitis when 
a young man complains of chronic recurrent 
or persistent low back aching and stiffness, 
with or without catching pains, esjiecially 
if the sedimentation rate is elevated. 

“2. Suspect rheumatoid spondjditis in 
the young man who complains of such vague 
symptoms as a ‘tired feeling’ in the lower 
part of the back on standing and walking, 
jiersistent low back soreness, silent restric- 
tion of back motion, or indefinite sharp 
pains in the buttocks, hips or lower part of 
the back, e.spccially if accompanied by an 
elevated .'icdimentation rate or general con- 
stitutional symptoms. 

“3. Suspect rheumatoid spondylitis in all 
of sciatica in young men, particularly 
if recurrent or alternating from side to side 
or associated with aching and stiffness of the 
lower hack. 

“4. Suspect rlieum.atoid .spondyfitis in 


patients with thoracic girdle pains, especially 
if accompanied by symptoms in the lower 
part of the back. 

“5. Suspect rheumatoid spondylitis w'hen 
persistent back symptoms develop in _ a 
patient with peripheral rheumatoid arthritis. 

“6. In the absence of roentgenographic 
eridence of sacro-iliac involvement an une- 
quivocal diagnosis of rheumatoid spondylitis 
should not be made unless characteristic 
changes are present in the apophj’-seal joints. 

“7. Remember that characteristic Roent- 
gen ray changes in the sacro-iliac or apophj-^- 
seal joints may not develop for months after 
the onset of symptoms. Do not eliminate 
the possibility of rheumatoid spondylitis on 
negative Roentgen rays alone unless per- 
sistent symptoms have existed for at least 
3 years. 

“8. Definite bilateral destructive and/or 
sclerotic changes in the sacro-iliac joints, 
noted roentgenogi-aphically, almost invari- 
ably indicate rheumatoid spondylitis. 

“9. Be cautious in making a diagnosis of 
rheumatoid spondylitis with unilateral sacro- 
iliac involvement unless other characteristics 
of the disease are present or unless peripheral 
rheumatoid arthritis coexists. Persistent 
unilateral sacroiliitis may be due to tuber- 
culosis. 

“10. Calcification of the paravertebral 
ligaments may result from several causes 
and in itself is not sufficient erddence for 
the diagnosis of rheumatoid spondylitis; 
changes in the apophyseal and/or sacro- 
iliac joints must also be present. 

“11. Remember that the sedimentation 
rate may be normal in 15 to 20% of cases 
with active disease and that constitutional 
sjonptoms are usually milder than in rheu- 
matoid arthritis involving peripheral joints. 

Summary. The symptoms of early 
rheumatoid spondylitis are often mislead- 
ing. As a result the sjmiptoms often are 
either dismissed as unimportant or are 
attributed to some other disease. 

Roentgenologic manifestotions of early 
rheumatoid spondylitis are often sinffi- 
ciently definite so that their presence alone 
prorides sufficient eridence for a definite 
diagnosis of that condition or for con- 
firmation of the clinical impression that 
rheumatoid spondylitis is present. 
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BOOK REVIEWS AND NOTICES 


Diseases of the Adrenals. By Louis J. 
SoFFER, M.D. Pp. 304; 42 ills.; 2 color 
plates. Phila.: Lea & Febiger, 1946. 
Price, $5.50. 

This is a systematic and interestingly 
written presentation of diseases of the 
adrenal glands. Physiologic and chemical 
studies are reviewed in such a way as to give 
an historical background and to bring up to 
date the experimental and clinical research 
which has permitted a scientific approach 
and understanding of the structural and 
functional changes seen in man. Certain 
practical features include the actual tech- 
niques of chemical methods used in clinical 
diagnosis. Case histories and many illustra- 
tions have been selected with a view to their 
usefulness to clinicians. This book can be 
highlj'- recommended to those interested in 
theoretical and practical aspects of endo- 
crinology. I. Z. 


Hospital Care in the United States. A 
Study of the Function of the General 
■ Hospital, Its Role in the Care of All Types 
of Illness, and the Conduct of Activities 
Related to Patient SerNUce, With Recom- 
mendations for Its Extension and Inte- 
gration for More Adequate Care of the 
American Public. By the Commission on 
Hospital Care. Pp. 631; 94 tables, 58 
charts. New York: The Commonwealth 
Fund, 1947. Price, $4.50. 

The Commission of 22 members responsi- 
ble for this report, under the Chairmanship 
of Thomas S. Gates of the Universit}’^ of 
Pennsylvania, was draini from man}-^ fields: 
medicine, public health, hospital adminis- 
tration, nursing, dentistr}', social agencies, 
education, agriculture, industiy' and labor. 
The director of the study was A. C. Bach- 
meyer, IM.D. 

According to the report, our present rather 
haphazard development of hospital sendee 
will not meet our needs for the future; the 
base of hospital support must be broadened, 
and hospital service must be strengthened 
and made available for all. The Commis- 
sion completed a pilot study in ^lichigan. 


Its procedure, based upon this pilot study, 
has been adopted in 40 states where hos- 
pital surveys are under way. 

The report furnishes a plan for analyzing 
the hospital facilities and needs of any area 
and a program for integrating and extending 
hospital service to improve the organization 
and distribution of hospital care. Quanti- 
tative data are abundant and are reflected 
in the large number of tables and line charts. 
The statistical analysis of these data is fruit- 
ful and stimulating. 

The conclusions and recommendations are 
conservatively formulated. They encourage 
careful study and analysis of local conditions 
in each community rather than easy accep- 
tance of superficial^ conceived general 
formulas, a commendable feature of this 
report. The report will interest a wide 
group of civic minded citizens as w^ell as the 
members of the professions most directly 
concerned. J. A. 


Sir W. Arbuthnot Lane, Bart,, C.B., M.S,, 

F.R.C.P., His Life and Work. By W. E. 

Tanner, M.S., F.R.C.S. Pp. 192; 1 ill. 

Baltimore: Williams & Wilkins, 1946. 

Price, $4.50. 

The author of this handsomely written 
and fair-minded book probably over enthu- 
siastically places Lane “next to Lister on 
the scroll of the British pioneers of surgerj\” 
Like all pioneers and like all great men who 
“always saw the good in people,” Lane was 
sometimes deceived both by theories and by 
people, and so was sometimes seriously mis- 
taken. Time has most conspicuousl}’^ proved 
him VTong in his rdews upon intestinal stasis; 
but, as h'lr. Tanner conrincingl}’’ wTites, now 
in 1946; “The real disorder may have been 
in the patient’s brain or va go-sympathetic 
S 3 ’^stem. B 3 ’’ his brave and great experiment 
of colectomy, Lane has proved this. Let us 
be thankful that no lesser hand has shown 
this fundamental truth!” This tribute from 
one surgeon to another is more than loyal 
and understanding defense; it is sound and 
leads with admirable logic to the quotation 
from Carlyle that heads the Epilogue to this 
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uo harm if the student catches a fleeting 
glance of things he need not know, for soon 
he will realize his knowledge of Medicine 
generally must of necessity be most patchy 
and superficial.” J- S. 


A History of the American Medicae 
Association, 1847-1947. By Morris 
Fishbein,M.D. With the Biographies of 
the Presidents of the Ass’n. By Walter 
L. Bierring, M.D., and with Histories of 
the Publications, Councils, Bureaus, and 
Other Official Bodies. Pp. 1226; 200 ills. 
Phila., and London; W. B. Saunders, 1947. 
Price, SIO.OO. 

This work, in preparation for several years 
under the charge of a special committee of 
the Association, appropriately made its 
appearance just in time for the Centennial 
celebration of the Association. Big and 
weighty as the book is, it is none too large 
for the accomplishment of its aim — as a 
record, in the words of the Publication Com- 
mittee, “of its founder, its founding, its 
ideals, its motivations and the extent to 
which these have been accomplished over a 
period of 100 years. ” This aim of giwng a 
factual picture as detailed as possible of the 
largest and probably the most influential 
medical society that the world has ever seen 
has been well carried out, so that the book 
will undoubtedly be permanently the stand- 
ard source of reference for those seeking 
information on this subject. It will be a 
necessaiy possession of ever}’’ medical ref- 
erence library, as well as of most city, county 
and state medical societies. It is ob\’ious 
however, that it cannot also serve the in- 
dividual to any gi-eat extent as pleasant 
continuous reading matter. As this type 
of reader and even the general public are 
said to haA'e been in mind, one wonders whj"^ 
objections to a format of two smaller volumes 
prevailed. 

The text contains much, especiallj' that to 
do with the actin'ties of the last quarter 
century, that has not preHously appeared in 
print. Following a brief biography of 
Natha'u Smith Daws, who also vTote a 
history of the Association that he founded, 
comes Dr. Fishbein's Historj*, occupj'ing 
almost half the volume. Though the limi- 
tations of the factual record mentioned above 
are apjwrcnthere as elsewhere, the well known 
adroitness and literarj- ability of the author 
has kept them at a minimum. Parenthet- 


icalty, one regrets that“Dr. Pepys” did not 
choose to lighten his narrative, even in this 
serious production, with more of his free 
flowing humor. He has woven into his 
account interesting considerations of such 
topics as the early troubles of the Association 
and its reorganizations, Simmons as editor, 
quackery, the Journal, animal experimenta- 
tion, improvement of medical care, the trend 
toward socialization of medicine, ending with 
the recent trial by the U. S. Government. 
When the reader turns to the index to com- 
bine such material into connected reading 
units, its inadequacy — onty 16 pages for 
both persons and subjects — is immediately 
felt. To the Rewewer this constitutes the 
most serious defect in the production. 
Especially for a work written primarity as a 
factual record, how can the numerous 
subjects, many turning up many times 
through the book, be adequate^ indicated 
in 8 pages? “Nostrums,” for instance, 
appear in the subject index only as part of 
the title of a book, though actually receiving 
lengthy treatment in the libel suit section 
and several other places. Dr. Bierring’s 
biographical sketches of the 100 presidents, 
each accompanied by a portrait, occupj' 
260 pages. Those of which the Reviewer has 
personal knowledge all appear adequate; 
together they make a useful reference source. 
It is of interest, and an indication of the 
qualifications sought in candidates for this 
office as well as of the position of organized 
medicine in this country, that fewer than a 
third of those elected in the first half centurj'- 
were knoum to the Rewewer, whereas in the 
last half centurj' more than half, at the 
moment at least, have claim to eminence. 
The remaining space in the book is occupied 
by brief accounts of the Councils and 
Bureaus of the Association, and its publica- 
tions, and various lists gathered into Ap- 
pendices. 

The preparation of the volume was 
delegated to W. B. Saunders Co., who have 
brought it out in a form worthy of both 
Association and publishing house. It is a 
creditable record of an organization that 
inewtably has had to struggle noth many 
internal shortcomings; but this perhaps 
sliould not even be mentioned when they 
have been so far outweighed by the many 
contributions to the advancement and 
elevation of the practice of medicine of this 
great As.«ociation. E. K. 
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The Tkeatment of Diabetes Meelitus. . 
By Eeeiott P. Joslin, A.M., M.D., 
Sc.D., Clinical Professor of Medicine 
Emeritus, Harvard Medical School, Medi- 
cal Director, Baker Clinic, New England 
Deaconess Hospital. 8th ed. Pp. 861; 

6 ills.; 117 tables. Phila.: Lea&Febiger, 
1946. Price, 810.00. 

This edition of the most complete text on 
diabetes follows the general outline of the 
preceding edition. A new chapter on alloxan 
diabetes affords the best review of this 
subject to date. Extensive revision of the 
chapters on the genito-urinary system and 
on pregnancy in diabetes is noted. Through- 
out the book the statistics, tables and ref- 
erences have been brought up to 1946, so 
that the large experience of this Clinic and 
a wealth of literature is made available in 
one volume. The 300 or more pages 'on 
complications and concurrent conditions are 
the only such comprehensive source of in- 
formation on the interrelation of diabetes 
and other diseases. 

One gains the impression that valuable 
nuggets are often concealed in this mine of 
information. Improved organization of the 
book as a whole, more detailed indexing and 
bibliographies with full titles after each 
chapter might be helpful. These thoughts 
for future editions occur to a re\dewer who 
has profound admiration for what is accom- 
ph.shed by this book. F. L; 


Radiologv fok MEnicAL Students. , By 
F. S. Hodges, M.D., I. Lamps, M.D., and 
J. F. Holt, M.D., Univ, of Michigan. 
Pp. 424; 103 ills. Chicago: The Year 
Book Publishers, 1947. Price, S6.75. 

The authors of this book have prordded 
for the medical student a comprehensive, 
3'et brief, insight into Radiology. The book 
is beautifully prepared on excellent paper 
with good print and e.vcellent illustration 
and e.xplanatorj’’ drawings. There are 15 
chapters, 7 of which are devoted to diagnostic 
Radiolog}’, and the remainder to therapeutic 
Radiolog}’, 

The modern physician employs Radiolog}’ 
in almost every specialty. It is, therefore, 
necess.nT}’ that the medical student become 
convors.ant with the indications and limita- 
tions of x-ray diagnosis. Likewise, it is 
important for the medical student to be 
familiar with the v.arious components of the 


atom and their effect upon tissue. The in- 
creasing use of radioactive isotopes in diag- 
nosis and therapy has extended into fields 
other than Radiology. In fact, they are 
being used in almost every specialty in 
medicine. The authors of this book have 
kept this in mind in preparing their textbook. 

It is difficult to avoid being too enthus- 
iastic about this text. It is the type of text 
that will be exceedingly useful to every 
teacher in Radiology. E. P . 


Advances in Caebohtdbatb Chemistkt, 
Vol. II, Edited by W. W. Pigman, B.S., 
A.M., Ph.D., Institute of Paper Chem- 
istry, Appleton, Wis,; M. L. Wolfrom, 
A.B., M.S., Ph.D., Ohio State Univ., 
Columbus, Ohio, and Stanley Peat, 
The University, Birmingham, England. 
Pp. 323. New York': Academic Press, 
1946. Price, S6.60. 

With this 2nd volume “Advances” be- 
comes international in scope. Four chapters 
are contributed by Enghsh chemists and 1 
each from France and Canada, ivhile the re- 
maining 4 come from American authors. 

The following subjects are reviewed: 
Melezitose and Turanose, by C. S. Hudson, 
34 pages; The Chemistry of Anhydro Sugars, 
by S, Peat, 39 pages; Analogs of Ascorbic 
Acid, by F, Smith, 27 pages; Synthesis of 
Hexitols and Pentitols from Unsaturated 
Polyhydric Alcohols, by R. Lespieau, 11 
pages; The Interrelation of Carbohydrate 
and Fat Metabolism, by H. J. Deuel, Jr. and 
M. G. Morehouse, 43 pages; The Chemistry 
of Nucopolysaccharides and Mucoproteins, 
by M. Stace}’-, 39 pages; Bacterial Poly- 
saccharides, by T. H. Evans and H. Hibbert, 
29 pages; The Chemistry of Pectic Materials, 
by E. L. Hirst and J. K. N. Jones, 16 pages; 
The Polyfructosans and Difructose Anhy- 
drides, by E, J. McDonald, 24 pages; Cellu- 
lose Ethers of Industrial Significance, by 
J. F. Haskins, 14 pages. 

All authors are recognized specialists in 
their topics, and they present a concise sura- 
mar}^ of present knowledge. The articles by 
Deuel and Morehouse, Stacey, and Evans 
and Hibbert in particular are of biochemical 
interest. Mucopolysaccharides and bacterial 
polysaccharides have been investigated 
actively in recent years, yet have not been 
the subjects of re^^ews elsewhere. The 
present renews are, therefore, appropriate 
and timely. H. y. 
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A final chapter is devoted to the results 
with streptomycin and the other newer anti- 
biotics. With the exception of streptomycin, 
the other materials are so recently developed 
that but little information, other than from 
the laboratory, is available. 

This is an excellent monogi-aph, carefully 
prepared and well annotated, as one would 
expect from its senior author. The labora- 
tory 'data are important in showing that, 
while penicillin is an extremely effective 
drug against certain organisms in sufficient 
concentration, nevertheless, its use in large 
amounts in the central nervous system is not 
without its dangers. The proper technique 
to be used is given in detail so that any of the 
unfortunate side effects, which seem to be 
inherent in the use of penicillin, can, for the 
most part, be avoided. The book is heartily 
recommended to all those who deal with in- 
fection in the central nervous system. F.G. 


NEW BOOKS 

Physikalische Medizin in Diagnostik und 
Therapie. By Wolfgang Holzer, Prof. 
Dr. Med. et Dr. Ing., Vorstand der 
Psychiatrisch - Neurologischen Universi- 
tatsklinik Graz. (Biicherei der Physika- 
lischen Medizin, Band II.) Pp. 769; 
379 ills. Vienna, Austria: Wilhelm 
Maudrich; New York: Grune & Stratton, 
1947. Price, S9.00. 

Neuropathology, Its Clinicopathologic Aspects. 
By I. Mark Scheinker, M.D. Foreword 
by Tracy J. Putnam, M.D. Pp. 306; 208 
ills. Springfield, 111.: Charles C Thomas, 
1947. Price, S6.75. 

Endoskopie der Harnrohre. By Dr. Alois 
Glingar, Facharzt fur Urologie. (B'^einer 
Beitrage zur Urologie, Band II.) Pp. 68; 
36 ills. Vienna, Austria: Wilhelm Maud- 
rich; New York: Grune & Stratton, 1947. 
Price, S4.00. 

Erkrankungcn dcs Uropoctischen Systems und 
der Prostata Durch Stoning der Blutstrd- 
inung. By Prof. Dr. Karl Hotter. 
eWiener Beutriige zur Urologie, Band I.) 
Pp. 200; 40 ills. Vienna, Austria: Wil- 
helm jMaudrich; New York: Grune & 
Stratton, 1947. Price, .S4.00. 

Food Regulations and Compliance. By 
Arthur D. Herrick. Vol. 2. Pp. 655. 
New York: Revere Publishing Co., 1947. 
Price, 810.00. 


Hospital Care in the United States. By The 
Commission on Hospital Care. Pp. 631 ; 
94 tables; 58 charts. New York: Com- 
monwealth Fund, 1947. Price, .S4.50. Re- 
viewed in this issue. 

Communal Sick-Care in the German Ghetto. 
By Jacob R. Marcus, Ph.D., Adolph S. 
Ochs Prof, of Jewish History. Pp. 335. 
Cincinnati: The Hebrew Union College 
Press, 1947. Price, 82.50. 

Office Treatment of the Eye. By Elias Selin- 
GER, M.D., Attending Ophthalmologist, 
Mount Sinai, Cook County and Michael 
Reese Hosps. Pp. 542; 67 ills. Chicago: 
' Year Book Publishers, 1947. Price, 87.75. 
The Medical Writings of Anonymus Londi- 
nensis. By W. H. S. Jones, Litt.D., 
F.B.A. Pp. 168. Cambridge: The Uni- 
versity Press; New York: The Macmillan 
Company, 1947. Price, 82.75. 

Dying, Apparent Death and Resuscitation. 
By S. Jellinek, M.D., Prof, of Electro- 
pathology, Univ. of Vienna, Laureat de 
I’Institut de France. Pp.263. Baltimore: 
Wilhams & Wilkins, 1947. Price, 85.50. 

Pharmaco-therapeutic Notebook. By H. W. 
Tomski, Diploma in Biochemical Analysis. 
Foreword by Hugh A. Dunlop, M.D., 
M.Sc., F.R.C.P. Pp. 280. Baltimore and 
London: Williams & Wilkins, 1947. 

Price, 84.50. 

The Rotunda Hospital. By O’Donnel T.D. 
Brow, M.B., M.A., M.A.O. (Univ. 
Dub.), F.R.C.P. (I.), F.R.C.O.G. Pp. 
296; 44 ills. Baltimore and London: Wil- 
liams & Wilkins, 1947. Price, 811.00. 
Ehdritional Disorders of the Nervous System. 
By John D. Spiliane, B.Sc., M.D. 
Wales), M.R.C.P. (Lond.). Foreword 
by George Riddoch, M.D., F.R.C.P. 
Pp. 280; 103 ills. Baltimore and London: 
Williams & Wilkins, 1947. Price, 85.00. 

A Study of Individual Children’s Diets. By 
E. M. WiDDowsoN, B.Sc., Ph.D., Medical 
Research Council. Special Report Series 
No. 257. Pp. 196. London: His Majes- 
ty’s Stationer}" Office, 1947. Price, 6s. 

A Study of 102S British children ■whose indi- 
^^dual food consumption has been recorded, 
gi\'ing data under some 20 headings, such as 
calories, proteins, %'itamins and so on— and on 
the diets of tn-ins, diabetics, children of unem- 
ployed and their results. “The one outstanding 
fact, -a-hich has been brought out again and 
again by this in-v-cstigation, is that similar 
mdii-iduab may differ enormously and unpre- 
Qictably in their food habits.” 
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The effectiveness of aerosol t adminis- 
tration in respiratory disease depends on 
the deposition of a maximum amount of 
( rug at the diseased site. Two factors 
‘tre of special interest; (1) the total quan- 
tity retained; (2) the pattern of distri- 
bution. 

The purpose of this communication is 
o ( ^cnbe a method devised to meas 
. "^position of aerosols within the .. 

of man by means of radio- 

cmnln technique may be 

ous ^ ^oformine the value of vari- 

solutiws.'” ^ nebulizing therapeutic 

aclniiniir effectiveness of drugs 

sinuiltnn^'^^ progressed 

"nnhaneously m Europe, England, South 

opinions Surgery of the U. S. Navy does not nccess.nri]y endorse the ^^'ews 

'^'''^Poundation. o’"P''f'ssca m this paper. This study was aided by a grant from the Josiah Macj-, 

* -tn aerosol (^IC), USNR, while this work was in progress. 

-'ind smoke arc cxamiilcs thaT ” suspension of finely divided particles in a gaseous medium. Steam 


measure 
re- 


America and this country.^”® 

During the recent tvar, the Army and the 
Navy became interested in the funda- 
mental aspects of the behavior of aerosols 
within the respiratory tract. Drinker, 
Gardner and others have studied industrial 
hazards, due to dust, and have investi- 
gated the deposition of finely divided par- 
ticles in the respiratory tract of man and 
animals.®’® Studies have been made to 
determine the critical range of particle size 
below which retention is minimal and pen- 
etration to the alveoli maximal, and above 
which retention increases although with 
little penetration beyond the larynx.*®’^® 
The retention of an aerosol within the 
respiratory tract is goi'crned primarily by 
the size and density of the individual par- 


NO. G 


samples that arc commonly encountered. 
CEcrj!t\En, 1947 
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RETENTION OF AEROSOLS WITHIN THE RESPIRATORY TRACT OF MAN 587 


counts were at a maximum immediately 
after the inhalation of the aerosol, 
decreased rapidly during the first \ hour 
and more slowly thereafter for about 
3 hours. 

The maximum activity was roughly 
proportional to the time of inhaling, up 
to 15 minutes, other factors being constant. 
The percentage rate of decrease during the 
first 20 minutes was essentially the same, 
within the limits observed, whatever the 
total accumulation. This depends on the 


uptake of different individuals, or of the 
same individual with different nebulizers 
or solutions, the program of breathing 
time and pauses should be rigidly con- 
trolled. 

Since the gamma radiation from the 
sodium isotope is so penetrating, the ques- 
tion arose as to whether readings obtained 
at the axilla might actually be due to 
material near the center of the body, in the 
trachea, esophagus, or stomach. Accord- 
ingly, several subjects swallowed amounts 



■"'1111*13 on 6 subjects following inhalation aerosol for various times. Records start 

Uv of breathing. Solid lines l epresent inhaling periods, breaks, rest periods, points, minute 

^ nutiute counts. 


P^issage of the sodium ions through the 
I'r alveoli into the circulating 

1 00 . The count immediately after inhal- 
’g vas of the order of 3 times the count 
< ter equilibrium was established. (Figure 1 
counts in a set of 6 individuals 
nnif approximately 5, 10 and 15 

nf curve begins at the start 

LI solid horizontal line 

n-iu ^ ’rcathing time, the gaps showing 
lli'it^ff ‘"'tljustments.) It is evident 


comparisons are to be made 


on 


of the isotope equal to those retained by 
the inhalers (for details of measuring re- 
tained dose, see below). In such cases the 
counts at the axilla were less than one- 
third of the count after nebulization. 
E^^dently the larger part of the count is 
due to material in the lung. 

Measurements made at the chest wall, 
alone, would be of little value. It is 
necessary to know the total amount of 
material inhaled and retained by the sub- 
ject, and to correlate this with the radio- 
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Thus, he breathed only the oxygen which 
generated the aerosol and passed through 
the nebulizer. At the beginning of each 
expiration the demand valve stopped the 
flow of oxygen and the subject exhaled 
through the ground-glass joint which was 
connected to a tube containing calcium 
chloride, and it in turn to an electrostatic 
precipitator.'^ A water valve was inserted 
between the spirometer and the precipi- 
tator to prevent rebreathing of the exhaled 
aerosol. In order to eliminate excessive 
positive pressure during expiration, the 
column of water in this valve was counter- 
balanced to a depth of 0.5 cm. in the tube 
by means of an additional weight on the 
spirometer. 


connecting glass tubes were washed into 
separate containers with 3 rinses of 'tap 
water. The radioactive content of these 
washings was subsequently measured with 
the Geiger-Muller counter. This deter- 
mination of the amount of radioactive 
material left in the nebulizer and the 
amount exhaled furnish another measure- 
ment of the amount retained by the sub- 
ject. In general the retained doses meas- 
ured in this way were somewhat higher 
than those determined by 24 hour foot 
counts. This suggests that not all the 
exhaled material was captured. 

A considerable number of experiments 
was made to systematize the procedure 
and to investigate their limitations. Two 



A measured amount of solution contain- 
ing approximately 100 pc. of radioactive 
sodium per cc. of saline was placed in the 
nebulizer. The subject breathed an aero- 
sol of this solution for a period of approxi- 
mately 5 minutes. If the period of inhala- 
tion was to be continneci bo was given a 
rest period of from 1 to 3 minutes, during 
which additional solution was added to 
the nebulizer; this was followed hy another 
5 minute breathing period. Immediately 
following the termination of tlie inhalation 
of the aerosol, measurements were m.-ule 
Avith a Geigcr-'Mullcr counter placed in 
the axilla (chest counts). 

.‘Uter each subject liad completed a 
period of inhalation, the contents of the 
nebulizer, electrostatic precipitator and 


of tliese are here presented as examples 
of the tAqie of test Avhich can be made. 
In the first, the Anderson nebulizer No. 1 
was compared with the Vaponefrin nebu- 
lizer, the same solution being used in both. 
The second compares, with the same nebu- 
lizer, the uptake of physiologic saline 
solution and of a similar solution contain- 
ing 10% of triethylene glycol. Each of 
these comparisons was made by using 3 
subjects for each procedure. Accordingly, 
as mentioned above, it would be expected 
that only marked diff'erences would be 
clearly shown. The results of these e.x- 
periments are seen in Figures 4 and 5. 

In Figure 4, the counts per unit amount 
retained when the Anderson nebulizer 
No. 1 was used appear to be, in general. 
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MENINGOCOCCEMIA WITHOUT MENINGITIS 
A Review of Five Cases* 

By Luther L. Terry, M.D. 

SENIOR SURGEON, U. S. PUBLIC HEALTH SERVICE 
AND 

Charles W. Jones, M.D. 

FORMERLY P. A. SURGEON (r), U. S. PUBLIC HEALTH SERVICE 
BALTIMORE, MARYLAND 

I 

(From the Medical Service of the U. S. Marine Hospital) 


It is well recognized that war-time con- 
ditions are constantly associated with an 
increase in the incidence of meningococcal 
infections. The recent war rvas no excep- 
tion. Although there were no extensive 
epidemics, there was a significant increase 
in the number of cases both in this country'- 
and abroad. Morbidity statistics of the 
United States and Great Britain for the 
past 10 years illustrate this fact.* The 
first significant increase in Great Britain 
was seen in 1939 and reached its peak in 
in 1940 and 1941. On the other hand, an 
increase in the number of cases in the 
United States was not evident until 1941 
and reached an all-time high level in 1943. 
Whereas the 5 year median (1939-1943) 
for the first 6 months of the year was 1211 
cases, there were 2019 reported in 1942, 
12,011 in 1943 and 11,841 in 1944 for the 
same period of the year.^f 

The increased incidence of meningococ- 
cal infections has brought to the attention 
of the medical profession a certain number 
of the less obvious, but equally interesting 
types of this infection which may he en- 
co\intercd. The association of the men- 
ingococcus with an acute purulent men- 
ingitis has too frequently led to a lack of 
consideration of the other clinical manifes- 
talioiLS of meningococcal infections. Al- 
though a large majority of the cases do 
have meningitis when first seen, a certain 
mnnher will show blood stream infections 


without meningitis. It is this latter group 
with which this paper is concerned. 

Meningococcemia as a clinical entity 
was first described by Solomon^ in 1902. 
Since that time a large number of cases 
have been leported but the condition is 
still considered comparatively rare. Camp- 
bell in 1943 reviewed 88 prolonged cases 
collected from the American and Britisli 
literature. Recentlj% many cases have 
been reported in the Australian and 
American journals,® 

The pathogenesis of meningococcal in- 
fections is still a disputed issue. As early 
as 1919 Herrick® divided meningococcal 
sepsis into 3 stages: the localized infec- 
tion in the nasopharjmx, the general inva- 
sion of the blood stream, and finally the 
metastatic localization in the various 
organs of the body. Recent work seems 
to support this concept and as stated by 
Campbell “it appears that the usual route 
of invasion is by the blood stream.” Men- 
ingococcemia is non' recognized as an en- 
tity with variable clinical manifestations. 
It should he appreciated, however, that 
not all cases showing blood stream infec- 
tions proceed to localized lesions. Al- 
though some will rapidly develop menin- 
gitis or localization in otlier organs, others 
appear to subside spontaneously and still 
others remain for long periods of time as 
a bacteremia. Proper recognition is im- 
portant since the disease usually responds 


nvrforinccl under tl.c direction of SurKoon Seward E. 
vr r , n"*" I’*'' ^‘^f'^viee and tt.c BaeterioIoCTc work was performed bv Kathvvn Dean 

AK'uiriil 1 oenmcinu. ' " ’ 


T MoniiiKOcoceetnia is reporlalile in New York State only. It is not known wlietlier 
when reported in otlicr areas, is inelinied in total ea.-os of inenimroroceic meninpitis 
hpures Kiven nlwvc refer to meninpocoeeie nieiiinpitis rattier ttian all meninpococeal 


meninpococeemia 
:. Tlierefore, tlie 
infections. 
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promptly to treatment with either the 
sulfonamides or penicillin. 

During the past year 5 cases of men- 
ingococcemia have been observed at the 
U. S. Marine Hospital in Baltimore. Four 
of these cases were admitted within a 
period of 31 days and yet none of them 
was associated with another case of mcn- 
ingococcic infection or had anj' epidemio- 
logic features in common. They presented 
variable clinical features but as a group 
illustrate the more common manifestations 
of this condition. 

Case Reports. Case 1 . F. V. 0., a 22 year 
old Coast Guard Seaman 1/c., was admitted 
June 3, 1944, with the chief complaint of 
headache, and vomiting of 8 hours duration. 
On the morning of admission the patient 
was awakened by a sharp bitemporal head- 
ache which persisted. In the S hours be- 
tween the onset and admission he vomited 
4 times. There was no liistorj* of chill or 
chilly feeling, but patient stated he felt 
"sick” and felt that he had a fever. Physi- 
cal examination on admission to the hospital 
revealed a well-developed and nourished 
male in no acute pain or distress. Tempera- 
ture was 38.4° C. (101.2° F.). The only 
finding was some shotty cervical Ijonph 
nodes. Initial white blood count was 13,300, 
with 80% neutrophils, 16% Ijnnphocytes, 
2% eosinophils and 2% monocj'tes. The 
evening following admission the patient 
appeared acutely ill, temperature was 39° C. 
(102.3° F.), he was sweating profusely and 
a patchy erythematous rash about l.o cm. 
in diameter which was tender to touch was 
noted on dorsum of hands, wrists, palms, 
ankles and soles of feet. He complained of 
pain in the knees, but no swelling or tender- 
ness was noted. At that time a blood cul- 
ture was taken which 10 da3’’S later was 
reported to show no growth. The following 
morning, in addition to the erythematous 
rash, there were petechias present over ankles, 
feet, legs and palms. A clinical impression 
of meningococcemia was made. Cultures 
and smears were made from the skin lesions 
both by aspiration and scarification tech- 
niques. The smears showed a few scattered 
gram-negative cocci, singty and in diplo 
forms, morphologically similar to meningo- 
coccus. Sulfadiazine was started in the usual 
dosage. On June 7, 2 days after sulfadiazine 
was begun, the patient’s temperature was 


normal and he was markedl3' improved. By 
June 9, there was no eridence of a rash. 
Sulfonamide was discontinued on June 13 
after 8 days administration. Culture from 
the skin lesions showed no growth. At the 
time of discharge, June 16, the patient was 
feeling well and was returned to full duty 
10 daj's after lca\dng the hospital. 

Case 2. E. C. W., a 26 3’ear old graduate 
nurse, was admitted June 2, 1944, complain- 
ing of headaches, fever and pain in the wrist. 
She was well until 2 days prior to admission 
when she first noted a mild sore throat 
associated with general malaise. These 
S3’mptoms continued but she was able to 
remain on dut3' until the da3’' of admission 
wlien she noted a severe headache and fever. 
The onl3' other point of interest in the his- 
tor3’ was that the patient had been nursing a 
case of Ilock3- hlountain spotted fever for 
2 weeks prior to onset of the present illness. 

Ph3'sicnl examination on admission re- 
vealed temperature 39.2° C. (102.6° F.), 
pulse 140, respirations 24, blood pressure 
145/80. The patient appeared acutely ill 
but well oriented and cooperative. There 
was slight congestion of conjunctivte and 
the phar3’nx. The face was flushed and a 
few fine papular lesions measuring 2 to 
4 mm. in diameter were seen on the forearms. 
There were no other significant findings. 

The patient was put at bed rest and given 
s3'mptomatic treatment. A blood culture 
was taken at this time. Sixteen hours after 
admission a definite skin rash was first noted 
over the forearms, hands, lower legs and 
feet. The rash consisted of 2 types of 
lesions: pinkish-red macules measuring 2 to 
8 mm. in diameter and small punctate macu- 
lo-papular lesions, some of which had pur- 
puric centers and a few other definite^'' pur- 
puric lesions. Some of the lesions were on 
the palms of the hands and soles of the feet. 

Because of the nature of the lesions, men- 
ingococcemia was suspected. Blood culture 
was repeated and an attempt made to obtain 
organisms from the local lesions b3’^ scarifica- 
tion and aspiration techniques. The mate- 
rial obtained b3" both procedures showed a 
few gram-negative diplococci on smear. 
However, on culture onl3" the saline aspira- 
tion yielded a Group I meningococcus. 

Following the findings on smears, the 
patient received a total of 500,000 units of 
penicillin over a period of 4 da3's and made 
an uneventful recover3^ There was never 
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any evidence of meningeal involvement and 
although the patient complained of pain in 
her wrist there were no objective findings. 
The skin lesions cleared rapidly and had 
completely disappeared within 4 days. 

T^ite blood count on admission was 
19,600 with 87% neutrophils. Two blood 
cultures taken before and 2 taken after 
therapy was instituted showed no growth. 

Case 3. S. B,, a 48 year old Merchant 
Seaman, was admitted May 2, 1944, with 
the chief complaint of “chills.” About 
6 weeks before admission the patient sud- 
denly developed a chill with no prodromal 
symptoms. The chill lasted 1 hour and was 
followed by a feeling of general bodily 
warmth. Following this he had chills or 
chilly feelings eveiy other day except for a 
period of 12 days, April 1 to 12, when he 
was symptom-free. In spite of the chills 
the patient stated he felt well and was not 
incapacitated for work. One week before 
admission, while at sea, he developed a 
severe chill and felt sick enough to remain 
in his bunk. Several hours later, however, 
he was able to resume work. The last chill 
occurred 3 days before admission. At the 
time of admission the patient was feeling 
well and offered no complaint other than 
weakness. Physical examination was en- 
tirely negative. 

On the basis of the history, blood smears 
for malaria were taken on admission and 
were reported as negative. Blood culture 
taken on May 4, 1944, showed no growth, 
but blood cultures taken on May 5, 6, 11 
and 12, 1944, were reported May 15, as 
showing Group I meningococcus. During 
this interim the patient was asymptomatic 
and appeared to be in good health, except 
- for a low-grade fever which reached 38° C. 
(100.5° F.), on 2 days. Following the report 
of the cultures a diagnosis of meningococ- 
cemia was made and he was started on sulfa- 
diazine in the usual dosage. Sulfonamide 
therapy'’ was continued for 1 week. Four 
subsequent blood cultures were reported to 
show no growth in 10 day's. He was dis- 
charged May' 26 as recovered. The patient 
never complained of joint pains, there were 
no skin lesions and no symptoms or findings 
suggestive of meningitis. The white blood 
cell count on admission was 6350 with 54% 
neutrophils and 46% ly'mphocytes. It re- 
mained at about this level throughout his 


hospital stay'. Other laboratory findings 
were not significant. 

Case 4. G. S. H., a 33 year old Merchant 
Seaman, was admitted on May' 31, 1944, 
complaining of pain in the left ankle and 
knee. He stated that he was perfectly well 
until about April 15, when on board ship he 
noted the onset of general malaise, sore 
throat and fever. The follov'ing day' “red 
and purple spots” appeared on his wrists 
and a’nkles. He remained ill for 4 day's and 
then improved without treatment. How- 
ever, he remained weak and listless until 
May 25, at which time he noted that his 
left ankle was swollen and painful on bearing 
weight. The following day the left knee was 
also swollen and painful. He was then ad- 
mitted to a hospital in Philadelphia and a 
diagnosis of acute rheumatic fever was made. 
Sodium salicylate was given with partial 
relief of his joint pain mthin 36 hours. He 
was then transferred to this hospital for 
further care. 

On admission, temperature was 37.2° C. 
(99° F.), pulse 100, respirations 22 and blood 
pressure 120/80. The patient appeared com- 
fortable and was well oriented. There were 
no significant findings on examination. 
None of the joints were painful on manipu- 
lation nor showed definite evidence of in- 
flammation. There were no skin lesions. 

Following admission to the hospital the 
patient was kept at bed rest and observed. 
During the next week the patient complained 
of pain in other joints and the temperature 
gradually rose, reaching 39.4° C. (103° F.) 
on the 7th hospital day'. Because of the 
patient’s complaint of severe headache lum- 
bar puncture was done at this time, but 
revealed no significant findings. He was 
started on sodium salicy'late, 6 gm. per day. 
On the foUomng day' a rash was first noted 
over the lateral portions of the back, in. the 
axillce and over the posterior aspect of the 
thighs. The lesions were pink macules 
measuring 2x8 mm. in diameter. AH of 
the large joints of the extremities were e.x- 
tremely painful on motion though there was 
no demonstrable redness or swelling. The 
following day' the laboratory reported that 
the blood ciiltures taken on June 1 showed 
growth of Group I meningococcus. Blood 
culture was repeated and smears and cul- 
tures were made from the skin lesions. The 
smears showed gram-negative intracellular 
diplococci ty'pical of meningococcus and the 
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patient was started on sulfadiazine. The 
cultures from the lesions were subsequcnth’' 
rejiorted to sliow Gi'otij) I meningococci. 
The second blood culture showed no growth. 
The patient continued running a low grade 
fever and there was marked stiffness and 
pain on motion of most of the large joints 
of the bod}'. When the joint involvement 
continued after 9 days on sulfadiazine ther- 
apy, penicillin was given in conjunction with 
the sulfadiazine for 5 days. The fever gradu- 
ally subsided and both drugs were discon- 
tinued. Tlie jiaticnt subsequently regained 
fairly comjilete motion of all of the involved 
joints, remained afebrile and rapidly gained 
strength. He was discharged from the hospi- 
tal on July 17, 48 days after admission. 

Case 5. L. B. ^Y., Jr., a 25 year old Mer- 
chant Seaman was admitted August 23, 1944, 
after having been seen in the Out-Patient 
Clinic the same day. Tlie patient’s chief 
complaints were chills, fever, pain in the 
joints and rash. He was entirely well until 
about 2 months before admission when, after 
haA'ing been swimming, his legs and arms 
began to ache and he e.\perienced a chill}’- 
sensation. In the course of the next few 
days he had pains in sei'eral large joints of 
the body. Each joint remained invoh'ed 
for a few hours to ser'eral days. The in- 
volved joints were mildly swollen and tender 
and then cleared completely. Since the on- 
set the patient had developed episodes of 
chilliness 3 to 4 times a week and lasting 
§ to f of an hour, followed by der'elopment of 
fever and periods of profuse sweating and 
weakness. These symptoms continued until 
he was seen in this hospital. About 2 weeks 
prior to admission he noted development of 
a rash, notably on the legs and arms, never 
on the palms, soles, face or neck. He de- 
scribed the rash as “coming and going” but 
he did note that it seemed more pronounced 
following periods of fever and sweating. He 
also noted that the rash was tender. He 
had had occasional headaches for the past 
2 months, but never any stiff neck. 

■RTien first seen the patient appeared com- 
fortable, rational and had no feA’-er. There 
were a few red macular lesions measuring 3 
to 5 mm. in diameter over the extremities. 
No rash was present on the trunk. The 
spleen was palpable 2 fingers breadth below 
the left costal margin. He Avas admitted to 
the hospital with the diagnosis of chronic 
meningococcemia. 


During his stay in tlie hospital he had tem- 
Iieraturc elevations on the 3rd, 5th and 6th 
hospital days. Tiie temperature ranged from 
39“ C. (102.3° F.) to 39.7“ C. (103.5“ F.), 
but he did not appear particularly ill. The 
Avhitc blood count on admission was 8900, 
Avith 68% neutrophils, 28% I}Tnphoc}'tes, 
2% monocytes and 2% eosinophils. The 
rash Avhich Avas noted Avas transient in char- 
acter, at times lasting only 24 hours. The 
lesions AA’erc pink Avhen first seen and would 
rather quickly take on a yellowish-brown 
color and finally disappear. Blood cultures 
were taken and AA-ere subsequently reported 
positiA'e for Group I meningococcus. Sulfa- 
diazine AA-as started on the 7th hospital day 
and thereafter there was no eleA'ation of 
temperature. The patient gradually felt 
better and rapidly gained strength. Blood 
cultures taken after sulfadiazine therapy 
showed no groAvth. 

The patient made an uneA'entful recover}' 
and at the time of discharge from the hospital 
AA'as feeling AA-eU with no complaints. 

Comment. Clinical IManifestations. 
Meningococcemia is a disease of protean 
clinical manifestations. All grades of 
seA’erity from fulminating to mild sub- 
clinical types are seen. For descriptiA'e 
purposes the disease may be divided into 
the acute and chronic types, realizing that 
a fcAv cases may fall into an intermediate 
or subacute group. 

Acute meningococcemia refers to that 
group of cases in AA'hieh the onset is rapid 
and the patients are acutely and seriously 
sick. In some cases there is death AAuthin 
8 to 24 hours after the onset of symptoms; 
many of these deA'elop the Waterhouse- * 
Friederichsen syndrome Avith or -without 
hemorrhage into the adrenals.® These 
fulminating cases are frequently associated 
with purpura and ecchymotic skin mani- 
festations. Fortunately, howcA'er, not all 
cases of acute meningococcemia have such 
a poor prognosis, as, for example, 2 of 
the cases herein reported. Both cases 
were acutely and seriously sick, but both 
responded dramatically after treatment 
had been instituted 20 and 40 hours 
respectively after admission. 

In acute meningococcemia the onset is 
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usually sudden with fever and occasion- 
ally sweating and rigor. Severe pain in 
the joints and muscles is common, to- 
gether with headaches. In the acute ful- 
minating case, death may be rapid and 
the skin lesions may or may not be present. 
In the less fulminating cases a character- 
istic rash usually appears a daj'^ or 2 after 
onset. In the acute cases here described, 
Case 1 showed a pink erythematous rash, 
followed by petechiae over the extremities; 
Case 2 showed small maeules, papules and 
several purpuric lesions over the extremi- 
ties. Both rashes appeared about 24 hours 
after the onset of acute sj^mptoms. Gen- 
erally, the rash is on the legs, often the 
arms, and less frequently on the back and 
trunk. In most cases the rash is easily dis- 
cernible, but occasionally it will go unseen 
unless searched for carefully. Mitchell- 
Heggs"* describes 4 types of skin lesions, 
namely; (1) small evanescent rose pink 
or brick red macules or papules, (2) 
petechige, (3) purpura and ecchymosis oc- 
curring in the very acute cases, and (4) 
herpes labialis. These may be seen sepa- 
rately or in combination in a single case. 
A somewhat characteristic feature of the 
rash is tenderness on pressure, as seen in 
2 of our cases. 

Chronic meningococcemia refers to those 
cases that show a less acute onset and a 
prolonged clinical course. The symptoms 
are quite variable in their intensity and 
character. This is exemplified by the 3 
chronic cases herein reported. In Case 3 
the patient’s only complaint was chill or 
chilly feeling approximately every other 
day for 6 weeks prior to admission. It was 
only during the last week that he was 
incapacitated for full duty, since he felt 
quite well between chills. During his 
entire stay in the hospital he was com- 
fortable, and his only complaint was slight 
malaise. In Case 4 the patient noted the 
onset of symptoms about 45 days before 
admission vdth the development of fever 
and malaise. He later developed a rash 
and joint pains. The rash disappeared 
before admission, but reappeared while 
in the hospital. He was weak and listless 


and far more incapacitated than the other 
case. Case 5 had its onset about 2? months 
prior to admission and was never com- 
pletely well until after treatment with sul- 
fadiazine. 

In chronic meningococcemia the onset 
may be sudden with acute symptoms or 
:ihe disease may begin mildly. Thereafter, 
some cases have been shown to subside 
spontaneously, others ran a low-grade 
active course, while others may be active 
only intermittently.® Generally speaking, 
fever, rash, arthralgia, chills and headache 
constitute the important features. Camp- 
bell reviewed 88 cases of meningococ- 
cemia which showed a prolonged course 
and found fever present in 82, rash in 78, 
arthralgia in 55, chills in 48 and headache 
in 40. 

There is nothing diagnostic about the 
fever in these cases as all types have been 
recorded, including 1 by Priest® resembling 
malaria. 

The rash is much the same as in the 
acute cases, except that purpura is much 
less frequently seen. The rash is more 
frequently seen on the extensor aspects of 
the limbs, the back and points of pressure. 
The lesions may be erythematous, macu- 
lar, papular, vesicular or resemble erythe- 
ma nodosum and erythema multiforme. 
Case 3 described here showed no skin 
lesions after careful search. Case 4, how- 
ever, showed pink macules 2 to 8 mm. in 
diameter over the lateral portions of the 
back, axillre and over the posterior aspects 
of the thighs. Case 5 showed macular 
and purpuric skin lesions intermittently. 

Arthralgia is another common symptom 
and was present in Case 4. Chills and 
headache are also frequently seen, but 
are of no specific diagnostic value except 
when associated with arthralgia and skin 
rash. 

Laboratory Diagnosis. The diagnosis 
of meningococcemia presents an interest- 
ing and often confusing problem from the 
clinical standpoint. Thus it is important 
to resort to laboratory procedures in order 
to confirm clinical diagnoses and suspi- 
cions. Since treatment should not be de- 
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layecl ^vherc meningococccmia is strongly 
suspected, rapid metliods of diagnosis are 
especially valuable. A great deal of atten- 
tion has been focused recently upon the 
diagnosis of this condition by smears of 
the skin lesions.® 

In this group of cases bacteriologic 
studies of the skin lesions ivere dudded 
into 2 types: (1) scarification and (2) 
aspiration. The scarification technique 
has been recently described by Tompkins® 
and consists essentially of the same steps 
ivhich are commonly used in the prepara- 
tion of a suspected syphilitic lesion for 
darkfield study. In the aspiration tech- 
nique, the skin over tire lesion was pre- 
pared -ndth alcohol. With a tight, auto- 
claved syringe and hypodermic needle 
about 0.1 cc. of normal saline was injected 
into the lesion, the point of the needle 
■n'as moved about within the lesion in order 
to produce some tissue maceration, and as 
much fluid as possible was aspirated. The 
fluid obtained on aspiration and the tissue 
fluid obtained by scarification was cul- 
tured and smeared on slides. After fi.xa- 
tion in methanol the smears were stained 
with Giemsa and Gram’s stains and studied 
immediately. Smears showing intracellu- 
lar diplococci morphologically consistent 
with the meningococci w'ere considered 
positive. 

One of the cases had no skin lesions but 
showed a positive blood culture on 4 sepa- 
rate occasions. Only 1 other case show'ed 
meningococcus on repeated blood cultmes 
despite the fact that there was clinical 
evidence of an active bacteremia. Of the 
3 cases -with skin lesions, all had positive 
smears and 2 showed gro'wth of Group I 
meningococcus on culture of the material 
obtained by scariflcation and/or aspiration. 

It is our impression from this group of 
cases that blood cultures, and smears and 
cultures of material from skin lesions 
affords the highest percentage of labora- 
tory diagnoses. Other workers have re- 
ported results similar to those obtained 
in this series on blood cultures. ' The bac- 
teremia appears to be an intermittent 


finding, even in acute cases showing the 
typical clinical picture of meningococ- 
cemia. Therefore, the value of a negative 
blood culture in an indhidual case is 
principally of academic nature and is not 
strong evidence against meningococccmia. 
Too, the fact that growth on blood culture 
is often delayed for several days decreases 
its value in the handling of a suspected 
case. To delay therapy until the blood 
culture is reported would, of course, be 
disastrous to many patients with men- 
ingococcic infections. It is of special 
value to have some laboratory confirma- 
tion, which is quite accurate, in the early 
stages of tills disease. Smears of the skin 
lesions seems to fulfill this need. The 
culture of material from these lesions is of 
interest but is of added value only in the 
same manner as blood culture studies. 
Such cultures afford late confirmatory 
evidence in a fairly large percentage of 
the cases. Since all of these procedures 
are easily performed and may supply 
some further information, it is felt that 
they should be done routinely in all cases 
of suspected meningococccmia. 

Treatment, The treatment of these 
cases adds nothing to the information 
already present in the literature on this 
subject. The meningococccmia has been 
showm to respond to sulfonamide therapy 
in almost every' instance. Recent evidence 
indicates that penicillin is probably as 
effective as the sulfonamides and possibly' 
more effective. Three of these cases re- 
sponded promptly and satisfactorily to 
sulfadiazine. Another responded to pen- 
icillin. The fifth case was apparently 
cleared of his bacteremia with sulfadiazine 
but because of the slow response of the 
arthritis penicillin was administered later 
in conjunction with the sulfadiazine. It 
was not felt that penicfllin hastened the 
recovery of this case. 

Summary. 1. Five cases of meningococ- 
cemia, 2 acute and 3 chronic, are reported 
and the case histories are re-viewed -with 
reference to preidously reported findings. 
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2. The importance of laboratory studies skin lesions was found to offer a valuable 
in the diagnosis of meningococcemia is rapid diagnostic method in suspected cases 
emphasized. Bacteriologic study of the of meningococcemia. 
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The relationship between epilepsy and 
aggressive urges has been frequently dis- 
cussed.®-®’®’®'^®-^ HamilB induced facial 
expressions of rage during attacks of petit 
mal by tapping the patients lightly on the 
face. Bartemeier called attention to the 
common use of some components of the 
major fit in expression of anger.® Barker 
has observed that commlsions, minor fits 
and equivalents occurred in rage-provok- 
ing situations in which the subject found 
it unacceptable either to experience or to 
express the emotion. He interpreted these 
fits as mechanisms which blocked con- 
sciousness of or expression of aggression.® 

Intravenously administered sodium ara- 
ytal has been used in the study of other 
disorders as an aid in the understanding 
of the pathogenesis of symptoms. • Symp- 
toms of asthma, hypertension, peptic ulcer 
and other syndromes have been precipi- 
tated or intensified during discussion of 
significant problems and abolished or 
diminished during reassurance.®- Thus, 
the rele%mnce of certain situations and 
conflicts to disordered bodily functioning 
has been established. The present com- 
munication reports the observation of an 
experimentally induced major convulsion 
as the subject abreacted ^^olentrage. This 
rage had previously been repressed and 
was a significant factor in the develop- 
ment of bis illness. A detailed psychologic 
studj”^ of this patient is presented else- 
where.® 

Case Report. A 26 5 ^ear old married 
machinist was discharged from the Na^w in 


1944 with the diagnosis of "Epilepsy.” He 
has also had frequent migi-aine headaches 
since the age of 8 and epigastric pain for 
nearly 2 years. Roentgen ray studies in 
November 1946 revealed a peptic ulcer. 
The chief complaints relating to the present 
illness were psj'chomotor seizures since the 
age of 16 and major convulsions since the 
age of 24. The details of the history, given 
here in sequence, were obtained in several 
intendews, some with the aid of sodium 
amj'tal and hypnosis. 

The subject’s mother had had “sick head- 
aches" but no relative is knomi to have 
had convulsions. He was the youngest, and 
is the only living, of 4 children born to the 
mother in her first marriage. The other 
children died in infancy of causes unknown 
to the patient. The patient knew nothing 
of the character of his real father until his 
entrance into military service required con- 
sultation of official records. He then learned, 
he says, that his father had been imprisoned 
for “assault” and “robbeiy” and was 
apparent^ a “criminal t 5 q)e." 

The mother divorced her first husband 
shortlj' after the patient’s birth and imme- 
diatelj'' remarried. She was a cold, irritable, 
domineering woman, alternately solicitous 
and abusive. A half-sister, aged 12, is the 
only child of the second marriage. The 
patient was adopted in his first year by the 
step-father and was given his name at the 
age of 6. The latter was friendly and a good 
companion, but he was occasionally cruel to 
the patient in sudden outbrusts of rage. 
For example, when the patient was 8 be 
was one day “ eating bits of food from father’s 
plate” when the father, in a burst of anger, 
picked up the plate and broke it over the 
patient’s head. Shortly thereafter head- 



601 


BARKER, wolf: STUDIES IN EPILEPSY 


aches began. These were attributed to 
“sinusitis.” 

The patient’s birth and early development 
were not remarkable. He was circumcised 
at 18 months. He bit his nails until he was 
12 and had frequent temper tantrums when 
frustrated by his mother, until he was 
6 years old. They were terminated one day 
when he was very demanding for a toy and 
she slapped him so hard that some front 
teeth were dislodged. With the termination 
of his temper tantrums his attitude toward 
his mother changed. Previously warm and 
affectionate, he became hostile and suspi- 
cious in response to her alternately friendly 
and rejecting behavior. 

In addition to the headaches referred to 
above, he had occasional “stomach upsets” 
in late childhood. After an attack of ab- 
dominal pain, during his 12th j’'ear, an 
appendectomy was done. He did well in 
school work until he quit in the 3rd year of 
high school at the age of 16. His father 
was ill at the time with recurrent “pneu- 
monia” and the patient went to work to 
help support the family. 

The onset of psychomotor seizures at 16 
was associated with the following sequence 
of events. In February 1936, because of 
headaches, he underwent an operation for 
drainage of the maxillary sinuses which, 
however, failed to relieve the headaches. 
In May of that ji'ear he was struck by a 
hard-driven baseball over the right eye and 
was “dazed” for about 6 hours. Shortly 
thereafter he had to quit school. In June, 
while “feeling big enough to get b 3 " with it,” 
he refused to do an errand. This act of 
defiance led to a violet quai-rel with his 
father. The latter, while angr.v, struck the 
patient several hard ])low.s with his fists. 
Under sodium am 3 'tal, he revealed the 
murderous wishes this fight aroused but 
which he was, because of his father’s demon- 
strated physical suj)eriorit 3 % unable to act 
on. A feeling of helplessness and impotence 
resulted. Immediately after this fight the 
fathei', feeling regret, discussed their rela- 
tionship in a friendly manner and revealed 
that he had adopted the patient and had 
tried to treat him as his own son. The 
])atient was deeply depressed 1 ) 3 ’- this news 
and some days latei', while playing baseball, 
suddenly quit the game without explanation, 
walked home in a daze, and went to sleep. 


He awakened 2 hours later with complete 
amnesia for the episode. 

At monthly or bimonthly intervals for the 
next 3 years, he had similar seizures of 
dazed, “automatic” behavior, lasting 30 to 
90 minutes, followed by amnesia. Head- 
aches of the migraine type occurred at about 
the same frequency. One-sided facial ting- 
ling and scotomata which preceded the 
headaches also often immediately preceded 
the ps 3 '^chomotor spells. On rare occasions 
psychomotor attacks occurred during mi- 
gi-aine headache. 

The first complete loss of consciousness 
occurred in January 1939, 3 years after 
onset of ps 3 ''chomotor seizures. His father 
had been in bed for 2 days with a “chest 
cold.” The patient came home from work 
on the 3rd day to find his father alone in 
the house and critical^’' ill with pneumonia 
while his mother was at court involved in a 
minor litigation. He hurried to the court 
to get her. When he saw his mother he 
suddenly became enraged, rushed at her, 
and grasped her b 3 '’ the throat. The “lights 
suddenly began to go around and around” 
and he lost consciousness. His father died 
a few days later. The patient has never 
foj'given his mother for her “neglect” which 
be feels was responsible for his father’s 
death. 

For 6 months after this event, the patient 
was dai} 3 ’- confused, depressed and irritable. 
Ps 3 ^chomotor attacks occurred at least once 
each da 3 \ In August of that 3 ’'ear, against 
his mother’s wishes, he married a girl whom 
he had known for a few months, who “made 
me feel good.” His attacks then became of 
shorter duration and occurred once each 
month. However, marked dizziness was 
now associated with the spells. He con- 
tinued to work at the same job for the next 
few 3 ''ears and had been twice promoted 
when he entered the Nary in the summer 
of 1943. 

During his first 6 months in the Nary he 
had onl 3 ’ 2 biief p.s 3 "chomotor spells. Then 
in September 1943, a ferv da 3 's after his 
convoy rvas under heary attack, he .sud- 
denly lost consciousness. He rvas hospital- 
ized on arrir'al in England whence he rvas 
returned to the United States. After ser'eral 
rvecks of hospitalization and study, he was 
discharged from the serrice in April 1944, 
because of his disabilitr'. 

He had his first knorrm major conrujlsion 
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shortly thereafter during an argument with 
an overbearing truck driver. He has had 
approximatel}' 15 major fits since that time, 
usuall 3 ’' occurring promptl 3 ’' during situations 
provocative of intense anger. Psj'choinotor 
seizures, on the other hand, occurred more 
characteristicallj' 2 or 3 daj's after unsuc- 
cessful attempts to forget episodes of anger. 

In 1945 the patient lost his stead}’- job 
because of his fits. It became necessarj' for 
his wife to go to Avork to support the family. 
He soon began to have epigastric pain oc- 
curring 1 hour or 2 after meals and relieA'ed 
by food taking. The patient, forced to 
Avork thereafter at odd jobs, became increas- 
ingly frustrated and angry. In this setting 
his fits became more frequent and his epi- 
gastric pain more troublesome. He was 
hospitalized in November 1946 and Roentgen 
ray revealed an ulcer. Gastro-intestinal 
S5^mptoms AA-ere successful!)’- allcAuated by 
January 1947 and the ulcer had disappeared. 

E.xamination reA'-ealed the patient to be 
a short, stocky, young, white male in good 
physical condition. He displayed some 
blocking of thought, numerous adA’entitious 
movements of the skeletal and facial muscles 
and he appeared tense and depressed. He 
spoke in a low-pitched, flat voice and stut- 
tered intermittently. He seemed of aboA’-e 
average intelligence. He was courteous in 
manner, well oriented, conscious of his mood 
and mental state, and seemed to be well 
motiA’ated in seeking help for his difficulties. 
Examination of motor and sensor)^ functions 
reA’ealed no abnormal signs. Laboratoi}’^ 
studies showed an abnormal electroencephal- 
ogram Avith low A’oltage fast and 7 per 
second waA’-es in all leads. An outburst of 
large, slow waA’es of the psychomotor type 
occurred during h}'perA’entilation. Electro- 
encephalograms in a military hospital in 
1944 were also abnormal. Taa'o oral glucose 
tolerance tests were abnormal, with blood 
sugars at the 3rd hour falling to 49 and 
59 mg. per 100 cc. respectiA’^ely. 

OBSEHA^A’noN. The patient was placed 
in a semi-reclining position and needle 
electrodes Avere placed for monopolar 
recording on the 6 channel electroencephal- 
ograph. A control record was obtained. 
It was abnormal, though less so than in 
preAuous tests, in that sIoav waA'es were 
less frequent and the response to oA-er- 


breathing was essentially normal. After 
a short rest, intravenous injection of 
sodium amytal Avas begun at the rate of 
1 cc. of a 10 % solution per minute. 

The immediate relaxation induced in 
most patients during sodium amytal in- 
jection was in this case transitory. The 
patient shortly began to display, in face 
and posture, eAudence of tension. Asked 
“'VlTiat is the matter?” he replied, “My 
m-m-m-mother.” The patient stuttered, 
spoke in a low flat voice, and the attitude 
of tension increased. He began to grimace 
and to mutter OA’er and oA'er, "Oh, oh, oh.” 

He AA*as asked, “ How does your mother 
bother you?” After a feAv seconds he 
said, in a tense, ominous tone, “I AAush I 
could get ahold of her. I’d k-k-lc-k-kill 
her.” He continued to speak of his 
mother, saying, “She’s no good. She’s 
always bothering me. All the time. All 
the time.” During these speeches his face 
acquired an increasingly angry expression 
and his voice became more and more 
hostile and threatening. “My mother 
killed my father,” he continued. "I’ll 
kill her some time. She driA’es me crazy.” 
His teeth were bared, his A’^oice snarling, 
and his attitude was e.xpressive of \dolent 
hatred. 

The tempo of this state of rage had 
rapidly increased. He raised both clench- 
ed fists to his forehead and appeared no 
longer able to express the increasing in- 
tensity of emotion. Three minutes had 
passed, 0.3 gm. of sodium amytal had 
been given, and injection was stopped. 
Breathing during this period was not 
unusually accentuated. 

At this point the AA’riting pens of the 
electroencephalograph were Aubrating at 
full amplitude. Suddenly the subject’s 
expression became blank, he gave a short 
inspirating stridulent “cry,” and appeared 
to be in the tonic spasm of a major 
seizure. Clonic movemen1>then occurred 
in rh}’thmic fashion and the patient in one 
burst kicked a hole in the wall of the room. 
There Avas no incontinence and he did not 
bite his tongue. 
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At the moment that the expression 
became blank the electroencephalograph 
began to record seizure patterns. The 


convulsion lasted for about 2 minutes and 
was followed by stupor for 4 minutes, from 
which the patient recovered and the inter- 


RP 


- 1 SEC 


CONTROL 


50>i.vT 



HO SEC. AFTER INJECTION STOPPED 



CONTINUOUS WITH B 



Fig. 1.— EEG wave patterns during development of a major commlsion during sodium amytal inter- 
view. Monopolar recording through the G-channel Grass machine. All illustrations from the right 
parietal lead with the usual amplification and filtering constant throughout. A, Control record before 
amytal was given. B, As the reaction passed from rage into the tonic phase of the convulsion. C, 
Overlapping continuation of B, showing the transition to D, end of the tonic phase with wave pattern 
similar to that described by Gibbs as “grand mal with petit mal component seizure.” 
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POST- FIT CONTROL 

further development of the com-ulsion shoum in Ficure 1 F A nlnr,- 
burst 41 seconds after the com-ulsion began. The high voltaces threw thn ^ ^ clonic 

producing the squared waves. F. Po^tcomnilsive coma l ^ Pens into the stops, 

after the fit began and C minutes after recov^'of^cSnis tS 
associated with the intravenous administration of sodfum am>-tal is Lterlttag.” 
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view was continued. The stages of the fit 
as recorded in the electroencephalograph 
are shown in Figures 1 and 2. 

Discussion. The value of sodium amytal 
interview as an aid in establishing a con- 
nection between situational conflict and 
the symptoms of “epilepsy” is indicated 
by this experiment. 

In the patient’s life situation, symptoms 
ensued Avhenever he was unable fully to 
feel or express aroused anger. Major con- 
vulsions occurred when rage began to 
break through inhibitory restraints. Psy- 
chomotor seizures occurred when anger, 
perhaps modified by the delay, finallj' 
broke through the temporarily effective 
inhibition which had held it suppressed 
for 2 or 3 days. 

In the experiment, aggression increased 
exponentially as if restrictions had been 
removed. The rapidlj' mounting rage re- 
action was suddenly superseded by a 
major convulsion when the rage became 
uncontrollably intense and destructive 
action seemed imminent. It appeared 
that the fit deflected the murderous drive 
from its socially unacceptable goal and 
allowed its discharge as undirected energy. 
Thus, with the onset of the fit, his frankly 
menacing attitude, verbal threats and 
hostile behavior were abruptly succeeded 
by blankness of facial expression, silence, 
unconsciousness and convulsion. 

The inhibitory influences opposing ag- 
gressive drives are presumably contained 
in the function of the cerebral cortex, 
particularly of the frontal lobes. And in 
general, the beha^'^or of persons to whom 


sodium amytal has been administered may 
be described as “ uninhibited.” Wolff and 
Gantt’^ have reported a phase, occurring 
shortly after the injection of comparable 
amounts of barbiturate, in which condi- 
tioned reflex response is briefly but sig- 
nificantly augmented. The studies of 
Himwich and his group^-® indicate that 
the frontal cortex is the first to be affected 
during the administration of the barbitu- 
rates. Diethelm^ observed incidentally 
the occurrence of major convulsions short- 
Ij" after the induction of hypnosis but 
made no comment on the mechanisms by 
which they were produced. It is sug- 
gested that the violence of this subject’s 
reaction resulted from the inactivation by 
sodium amytal of cortical inhibitory influ- 
ences and subsequent mobilization and 
liberation of repressed emotion. 

The subject was closely observed bj' 
both authors during the experiment and 
neither excessive hjq^erventilation nor 
Valsalva-like maneuvers were noted 

Summary and Conclusions. It has been 
possible to produce in an “epileptic” 
patient, under light sodium amytal narco- 
sis, during abreaction of a relevant con- 
flict, an attack of grand mal, clinically 
and electroencephalographically charac- 
teristic. The attack culminated and inter- 
rupted an increasingly violent and intense 
state of rage. The sequence of events 
suggests that the fit constituted a resolu- 
tion of the conflict between uncontrollable 
rage and the restrictions of conscience and 
society. 
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BROOKX.Y’N, new YORK 
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During the past few years research in 
several seemingly unrelated fields has re- 
vealed a number of possible prenatal 
causes of mental deficiency. The present 
brief review of this work is intended to 
show how much information has accumu- 
lated which, if further investigated, may 
offer practical means of prevention of a 
significant proportion of all cases of men- 
tal deficiency. The great importance of 
the problem under consideration is ap- 
parent from Benda’s® data, which show 
that 2 to 4% of the population have some 
degree of subnormal mental development, 
and that the cause of idiocy is antenatal 
in 50 %, and that of imbecility in 40 % of 
all cases. Benda® also states that 30 to 
40% of the severe cases of mental defi- 
ciency arise in families who could expect 
normal offspring. The distribution of 
some of the important types of feeblemind- 
edness is shown by Benda’s^® reidew of 
200 autopsies. These included, among 
others, 50 cases of mongolism, 19 micro- 
cephalies, 13 hydrocephalics, 5 instances 
of congenital syphilis, 2 of Kernicterus, 
20 familial morons and high-grade imbe- 
ciles and 15 endogenous idiots and low- 
grade imbeciles. 

In addition to feeblemindedness of 
strictly prenatal origin, mention will be 
made of mental defects which are caused 
at the time of birth, as well as certain 
forms of blindness and deaf-mutism. 
The latter conditions are related to men- 
tal deficiency not only because they, too, 
confine many patients to institutions, but 


also because their causes are often strik- 
ingly similar to those of feeblemindedness. 
The conditions to be discussed, and the 
principal pathologic changes associated 
with them, are compiled in Table 1. 

Much of the work to be reviewed has 
been reported only recently and cannot 
be fully evaluated at this time. Various 
reports will therefore be taken at their 
face value, to serve as leads for further 
work. 

Numerous hereditary traits produce 
mental deficiency, with or without con- 
spicuous gross malformations.®®’®®’®^ Their 
prevention is obviously a matter of eu- 
genics, and can only be carried out with 
promise of success when it is based on 
knowledge of the genetics of the trait in 
question. Snyder®® has reviewed the fac- 
tors to be considered in the genetic analysis 
of a trait, and pointed out some of the 
mistakes commonly made in investigations 
of this kind. In view of the rarity of some 
of the traits to be examined, a coordinated 
nationwide effort may be necessary in 
order to obtain statistically significant 
information. American advocates of eu- 
genics recommend voluntary measures, 
often only in the form of informing pro- 
spective parents about the probability of 
ha^^ng abnormal offspring. To draw the 
proper conclusions from such information, 
requires on the part of those being advised 
a level of intelligence and cooperation 
which may be lacking, particularly among 
persons with low-grade feeblemindedness 
who are not confined to institutions. 


♦ The material presented in this article was gathered in the course of a more extensive rewew 
of mechanisms of abnormal development.’'’ It was felt that thf. enhtaat l 

which may be stimulatmg and valuable to workers in the various specialtfes^oncernrd^^ 
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Gamble"’ recently reported on sterilization 
of the mentally deficient which is now 
provided in 24 states. Eugenics also pre- 
sents problems other than medical, which 
will not be discussed here. 

Among fetal infections capable of pro- 
ducing lesions leading to defects of mental 
development, eye sight or hearing, syphilis 
has long been recognized and extensively 
studied. The method of its prevention, 
namely, antisyphilitic treatment of the 
mother, has been widely adopted and has 
resulted in a diminution of the frequency 
of congenital syphilis. The problems in- 
volved in this treatment, and much in- 
formation concerning incidence and prog- 
nosis of treated and untreated congenital 
syphilis, have been gathered by Moore.^’ 
According to figures quoted by Moore, 
64.5 % of the infants of untreated syphilitic 
mothers are infected in uicro. Of these, 
about 5% develop neurosyphilis; eye le- 
sions are found in about 1 % of early cases, 
and in 30 to 55 % of late cases. Deafness 
occurs in 1.8 (13.6%) of late cases, ac- 
cording to 2 sources quoted by Moore. 
Dayton^^ found in a large series of men- 
tally defective inmates of institutions that 
in 1.7 % of all cases the cause was pre- 
sumably congenital syphilis. It is con- 
cluded that syphilis is a “negligible fac- 
tor” in the causation of mental deficiency. 
Education of the public, prenatal examina- 
tion and care, and effective antisyphilitic 
treatment have contributed to a reduction 
w the incidence of congenital syphilis. In 
1946, 32 states in this country required a 
negative serologic test for syphilis from 
both applicants for a marriage license. 
Despite progress in the control of this 
problem, there are still considerable num- 
bers of infants born in our time with 
manifest or hidden syphilitic infection. 
The pathology of the lesions in the brain 
does not differ essentially from that in 
syphilis acquired after birth; meningitis, 
'’ascular lesions, degenerative changes, or 
pimmas may occur. Eye changes include 
iridocyclitis, keratitis, chorioretinitis and 
atrophy of the optic nerve.*^ T.esions in 
the ear have been reported by Mayer^’’ 


and by Mayer and Fraser.^ Mayer as- 
sumes an extension from syphilitic men- 
ingitis to the acoustic nerve and labyrinth. 
Mayer and Fraser describe gummatous 
osteomyelitis and periostitis, serous laby- 
rinthitis and gummas in the ganglion 
spirale. Changes in the viscera, skeleton 
and skin are described in textbooks of 
pathology. 

Our knowledge of congenital toxoplas- 
mosis and its cerebral and ocular manifes- 
tations is relatively recent. It appears 
that many persons carry toxoplasma with- 
out untoward effects, but transmission 
from the mother to the fetus may lead to 
severe changes, including encephalitis, 
hydrocephalus, chorioretinitis and visceral 
lesions.^* Obviously, further research 
must endeavor to determine toxoplasma 
carriers in man and animals, and find 
means to prevent or combat infection. 
Morphologic recognition of toxoplasma 
carriers offers considerable difficulties even 
at autopsy.®^ Immunologic methods were 
recently used in a family with 1 affected 
member, and revealed positive reactions 
in 10 of 11 persons tested.’- 

Since the first report by Gregg in 1941 , 2 ® 
a large number of workers have described 
malformations which develop if the mother 
contracted certain virus diseases, usually 
rubella, during the early months of preg- 
nancy. Articles by Swan,® Albaugh® and 
Aycock and Ingalls® will serve to intro- 
duce the reader to the rapidlj^ growing 
literature on this subject. 

Included are, among other abnormali- 
ties, mental deficiency, deaf-mutism and 
blindness, occurring in various combina- 
tions. The number of cases on record 
suggests a high incidence of maldevdop- 
ment, and some authors®-®® believe that 
it is close to 100% if rubella occurs during 
the 1st or 2nd month of pregnancy. On 
the other hand, Fox and Bortin® found 
many cases without malformations in epi- 
demics in hlilwaukee. It is ob%’iously 
more difficult to find these negative cases 
than those with malformations. The 
virus may not be identical in all instances • 
and carry a different pathogenicity^ for 
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the fetus in various epidemics.*® 
Conte, McCammon and Christie^^ exam- 
ined a series of cases vath malformations 
resembling those knovm to follow maternal 
rubella. They obtained a history of 
rubella during pregnancy from 5 of 61 
mothers who answered their questionnaire. 
This is a high percentage, particularly in 
a group that includes mongolism and 
hydrocephalus, which probably have other 
causes in the majority of cases. In a 
similar survey reported bj' Hopkins,®® 10 
of 116 mothers gave a history of rubella 
and 2 of influenza. Even though abnor- 
malities maj' not occur in all cases with 
rubella during the early months of preg- 
nancy, they are certainly sufficiently fre- 
quent to demand preventive measures 
aimed at the control of rubella during the 
child-bearing age. The interruption of 
pregnancies complicated by rubella during 
the first trimester as taken into considera- 
tion by several authors, is at best 
a temporary expedient, to be employed 
until a true preventive measure is found. 
Even now the objection may be raised 
that the high incidence of malformations 
following rubella has not been proved 
beyond doubt.®^’“ 

It is not known whether the fetus itself 
is infected wnth rubella, or suffers from 
sequelee of changes in the maternal organ- 
ism. The pathology of the brain has not 
been reported. In many cases there is 
microcephaly; very recently the occurrence 
of mongolism has been found.®® Eye mal- 
formations include cataract of a specific 
tj'pe, microphthalmia, and congenital glau- 
coma. The histologic appearance of the 
cataract in infants has been described by 
Swan.®® Two reports deal ndth presumed 
early stages of eye lesions. One'® de- 
scribes changes in the lens of a 2 month 
embryo which may well be insignificant 
artefacts. The other one®® reports in an 
early embryo unilateral microphthalmia 
nith changes of such severe degree that 
they could hardly have gone on to the 
tjqjes of microphthalmia usually seen in 
affected children. The inner ear has been 
examined only in 1 case; it showed defec- 


tive differentiation of the labjTinth.’^'* In 
the viscera, heart malformations occur and 
have been identified in some cases as 
patent ductus arteriosus and interventricu- 
lar septum.®® hlicroscopic examination of 
various organs of 3 infants revealed no 
definitely significant abnormalities.®® Ob- 
■\aously, additional autopsy findings in 
embryos and infants are needed. 

Endemic cretinism has long been recog- 
nized as a sequel of a deficiency of thjToid 
hormone or iodine in the maternal environ- 
ment of the fetus. Associated deaf-mut- 
ism occurs in the same endemic areas.®®-®® 
The problems of cretinism haA-e been dis- 
cussed by Nobel, Kornfeld and Ronald,®® 
Benda,^® and very recently by Hurxthal 
and hlusulin.®'’ The latter authors have 
shown that many possible causes must be 
considered, and that the problem of the 
origin of cretinism is far from solved. 
There are not only various environmental 
factors to be taken into consideration, but 
also intrinsic ones, such as a hereditary 
inability to use iodine to the full extent.®®-®^ 
Mental deficiency of cretins often fails to 
respond satisfactorily to hormone therapy. 
It is therefore believed that this defect is 
either caused by thyroid deficiency at a 
very early prenatal age, or coordinated to 
the hormonal defect rather than caused 
by it. In the opinion of many authorities 
the preA-entiA'e use of iodine in the diet 
in endemic areas has greatly reduced the 
incidence of cretinism. Wespi'® finds that 
in Switzerland the decrease in the incidence 
of deaf-mutism is in direct proportion to 
the increased use of iodized salt in the diet. 
The pathologic changes in the brain are 
not well known.^^ In the inner ear hyper- 
ostosis of the bony labyrinth has been 
observed 

A maternal pituitary deficiency, not 
clearly defined in its mechanism, is believed 
by Benda, Dayton and Prouty’® to be the 
cause of mongolism. This theory is based 
on pathologic findings in various parts of 
the body. Beidleman® supports- this view. 
Other investigators"^'^ accuse an abnormal 
uterine enAuronment of the fetus, and 
mention in support of this theory the fre- 
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quent history of a preceding abortion. 
Still others^^'^®’®^ find indications of some 
genetic factor involved. Southwick®® sug- 
gests that an intragametic, non-chromo- 
somal factor causes mongolism. Even if 
there is pituitary deficiency, and if the 
diagnosis can be made in the newborn, 
the question remains whether substitution 
therapy after birth will be effective. It 
seems more desirable to recognize and 
eliminate the condition in the mother 
before it affects the fetus. An extensive 
review of the subject, favoring the theory 
of pituitary deficiency, has been given by 
Benda^^ and criticized by Macklin and 
Snyder.^i Ingalls®® has recently reviewed 
the various manifestations of mongolism, 
and the existing theories dealing with their 
cause. He concluded that none of these 
theories explain satisfactorily all known 
features of mongolism. It is stated that 
many of the relatively frequent concomi- 
tant malformations originate during the 
6th to 9th week of fetal life, and that a 
cause acting at that time or earlier 
should be sought for. One might add to 
Ingalls’ considerations that not all cases 
of a given syndrome of developmental 
abnormalities must necessarily have the 
same cause. It has been found that 
•widely different factors, even genetic and 
extrinsic ones, may have a very similar 
effect, probably by acting upon the em- 
bryo at a stage when a definite pattern of 
sensitivity of various parts exists.®® As 
to the time of origin of abnormalities, tlie 
old practice of determining it from data 
of normal descriptive embryology (ieraio- 
gcnctischc Terminations pcriodc of the old 
teratologists) is very unreliable in many 
instances. We have learned during recent 
years that mechanisms of maldevelop- 
ment differ so widely (including even 
secondary degeneration) that they cannot 
possibly be determined by speculation .3® 
The inconspicuous pathologic changes 
in tlie brain in mongolism have been de- 
scribed by Benda. A peculiar type of 
cataract occurring occasionally in mon- 
golism and cretinism is on record.®® A 
large variety of other malformations fre- 


quently associated with mongolism have 
been discussed by Ingalls. As an example 
of these, septal defects in the heart may 
be mentioned ; they were found at autopsy 
in 22 of 30 cases.®® 

Fetal oxygen deficiency as a cause of 
brain damage and subsequent mental de- 
fect has been studied by several investi- 
gators in infants^® •®®’®^ and in experimental 
animals.®®’’'® It occurs most commonly 
during labor, but it may also happen 
earlier, as is indicated by yellow stained 
vernix of some newborns who are not 
icteric. This stain is due to meconium, 
discharged into the amniotic cavity during 
an episode of anoxia some time before 
birth.®® In guinea pigs, controlled periods 
of anoxia at birth produce morphologic 
changes in the brain, and abnormalities 
of behavior which, if not severe, are 
comparable with human mental defi- 
ciency.®®’®® In human cases it is difficult 
to decide whether brain damage is the 
cause or the sequel of anoxia, but there 
are good indications that in some cases 
the cerebral changes are produced by 
anoxia.®®’®® Proper prenatal and obstetri- 
cal care should reduce anoxia of the fetus 
to a low minimum. In certain cases, 
maternal and consecutive fetal anoxia 
should be combated by the administration 
of oxygen to the mother.® 

^^®hen Levine and co-workers'*® discov- 
ered that erythroblastosis fetalis is caused 
by maternal antibodies transmitted to the 
fetus (usually if the fetus is Rh-positive 
and the mother Rh-negative), it became 
apparent that Kernicterus and the asso- 
ciated functional disturbances are also 
caused bj'^ this blood group incompatibil- 
ity in the majority of cases.®®’®®’®® Only 
recently a statistical evaluation of blood 
group examination in mentally defective 
children and their mothers suggested that 
milder forms, which do not have the typical 
Kernicterus sequelie or a history or eryth- 
roblastosis, may also be due to this 
mechanism and account for a considerable 
percentage of cases of undifferentiated 
mental deficiency.®®-®-* The pathologic 
mechanism of brain damage by maternal 
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antibodies or their effect is not clear. 
The recent suggestion of Wiener and 
Brody, that agglutination thrombi in 
cerebral vessels are the cause of brain 
damage, needs confirmation. 

Damage to the fetus by therapeutic 
doses of Roentgen rays or radium is well 
knoum. It may result in microcephaly, 
hydrocephalus, microphthalmia and other 
malformations.^®-'*^''® The need for pre- 
venting the irradiation of the fetus is 
ob\dous and well recognized. Mirrphy^® 
has suggested that each therapeutic irra- 
diation of the pehdc region of a woman 
in the child-bearing age should be pre- 
ceded b.v a diagnostic curettage, in order 
to avoid irradiating an undetected fetus. 
Diagnostic doses as used for roentgeno- 
grams are not knovm to be harmful; flu- 
oroscopy should be done with greatest 
caution. 

It should be clear that this well- 
established cause of malformations is 
different from the more problematic effect 
of radiations on the genotype, producing 
mutations which determine hereditary 
malformations in the offspring. The 
occurrence of the latter process, and 
causation of malformations by it in man 
has not been established;®*' yet, most 
authors advise protection of the gonads 
from irradiation, unless their generative 
acti^dty is completely destroyed.'*®'®®'®®'®® 

Malformations of unknown cause and 
origin cannot be prevented. Here our 
efforts must be directed toward the recog- 


nition of the causes or, in some suitable 
cases, toward correction of the defect 
before it produces mental deficiency. The 
latter has been done with good success in 
certain cases of hydrocephalus.*®'®® 

Birth injury by anoxia has alreadj^ been 
discussed. Mechanical injury of the brain 
or meninges, usually accompanied by 
hemorrhage, has occupied the mind of 
obstetricians to a great extent, and should 
be rare under proper obstetrical care. In 
recent years the surgical removal of sub- 
dural hematomas has contributed to the 
prevention of cerebral and mental changes 
when injury had oceurred.®^ The obstetri- 
cian’s difficulties are increased by the fact 
that procedures which diminish the dura- 
tion of ano.xia during labor, tend to in- 
crease the danger of mechanical trauma, 
and vice versa. 

Conclusion. This brief review shows 
that there is hardly one field in medicine 
which cannot contribute information need- 
ed for the prevention of mental deficiency, 
blindness and deaf-mutism. Just how 
many cases are due to each of the above- 
mentioned factors may not l)e known until 
they can be prevented. In view of the 
information now at our command, we can 
no longer say that antenatal causes of 
mental deficiency are beyond our control. 
The cost of the most e.xtravagant research 
program in this field may well turn out 
to be lower than the savings of our com- 
munities resulting from a reduced number 
of inmates in their institutions. 
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The procedure of artificiallj' raising 
intratracheal pressure, which is herein 
referred to as “pressure breathing,” was 
first applied in the treatment of pulmo- 
nary edema bj’’ Emerson in IQOQ.'*’ It 
successfully tided animals over the acute 
edema produced by a large dose of epi- 
nephrine. A number of j-^ears later it was 
employed clinicall 3 ’' bj' Barach in the 
treatment of bronchial asthma, pulmo- 
nary edema of various origins, and other 
forms of respiratory^ distress with appar- 
ently good results.^’^ Trial of this pro- 
cedure in the treatment of the pulmonary 
lesions produced bj^ phosgene and other 
lung irritants was suggested because many 
of the signs and sjunptoms of such war 
gas poisoning present an analogy with 
bronchial asthma, in addition to the mas- 
sive pulmonary^ edema.® 

Pressure breathing has been regarded 
as a valuable therapeutic aid when it was 
applied in cases of lung damage produced 
by chlorine and other pulmonary irri- 
tants.®’'® A similarly favorable evaluation 
has been made in cases of accidental phos- 
gene poisoning.""’ It is not certain, how- 


ever, that pressure breathing was the 
most important of the several therapeutic 
procedures employ^ed and up to the pres- 
ent it has not been demonstrated that 
pressure breathing is of critical value in 
the treatment of poisoning by lung irri- 
tants. The value of pressure breathing 
in the treatment of the \dctims of the 
Cocoanut Grove fire is similarly uncer- 
tain.^’®’"’'® 

The experiments described below were 
designed to determine whether pressure 
breathing increased the ultimate survival 
rate of phosgene-poisoned dogs. Two 
forms of pressure breathing were em- 
ployed: (1) pressure on expiration only^ 
and (2) pressure on inspiration with_ a 
slight resistance at the onset of the expira- 
tory phase. The results obtained with 
these 2 procedures did not warrant trial 
of maintaining a constant positive pressure 
throughout the respiratory cycle. 

Methods. The dogs used in these experi- 
ments were healthy' adult mongrels, weighing 
7 to 12 kg. They' were gassed in pairs or 
fours by' the 2 methods preriously' described,® 
the high concentration-short duration and 


* The work described in this paper was done under a contract recommended by the Committee on 
Medmal Research, between the Office of ScientiSc Research and Development and the Universit5' of 
Pennsylvania. . 

t Formerlv Lieut. (MC) USNR. The Bureau of Medicine and Surgerj', U. S. Aarw, docs not 
necessaril}' endorse the i-iews or opinions which are expressed in this paper. 
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the low concentration-long duration ex- 
posures. Within the ranges indicated in 
these experiments, concentration and time 
maj’- be varied reciprocally by a factor of 10 
without significantly affecting mortality or 
physiologic or pathologic findings. One dog 
of each pair became a simultaneous toxic- 
ity control by lottery. 

Immediately after gassing the treated 
animal was lightly restrained on its side on a 
table and pressure breathing with oxj'^gen 
for 50 minutes of ever}’' hour was adminis- 
tered for the fii-st 36 hours after gassing, or 
until death within that time. This regimen 
was designed to obriate an}'- possibility of 
oxygen poisoning and yet be sufficiently pro- 
tracted to carry the animal over the period 
in which the vast majority of deaths occur. 
In the interval the dog was offered food and 
water and turned to the other side. Each 
treated animal was under the continuous 
individual supenision of an attendant.* 
The control animals \vere placed in nearby 
individual cages with food and water and 
were undisturbed except for the routine 
observations on heart rate, respiratory rate 
and hematocrit A'^alues which w'^ere made at 
regular intervals on the dogs of both groups. 
Animals which died were either autopsied at 
once, or stored at— 4° C. overnight. Surviv- 
ors of the 36 hour treatment were placed in 
cages beside the control dogs and kept under 
observation for 5 days. Subsequently sur- 
vivors w'ere cared for in the regular animal 
quarters. 

Pressure breathing on expiration was 
administered by means of a close fitting 
metal mask equipped with valves which 
permitted inspiration at atmospheric pres- 
sure from a reservoir bag, and directed the 
expiration against a hydrostatic pressure 
head of 6 cm. H 2 O. The dead space of the 
mask and tubing between the valves was 
100 to 200 cc., depending on the size and 
shape of the dog’s muscle. The tubing and 
valves were those used in the | inch diameter 
air lines for human experiments; there was 
no intrinsic resistance to air flow in the 
apparatus. 

Pressure breathing on insj3iration was ad- 
ministered by means of a devicef on the 
metal mask whicli consisted essential]}'' of a 


reciprocating valve linked to a demand- valve 
diaphragm and a source of compressed gas; 
the reciprocal valve mechanism rvas actu- 
ated by the animal’s own breathing move- 
ments. The valves w’^ere set so that when 
the dog developed. —0.3 cm. H 2 O pressure 
at the onset of inspiration, the inflow valve 
on a 3 pound pressure line opened and the 
expiratory valve closed; wffien the pressure 
inside the mask (and the animal’s trachea) 
had built up to -f6 cm. H 2 O pressure, the 
inflow valve closed and the expiratory valve 
opened, permitting almost resistance-less 
expiration. A hand adjustment controlled 
the volume rate of gas inflorv so as to build 
up a positive pressure within the time 
allotted to inspiration by the dog without 
creating a blast effect. It was possible to 
keep this type of pressure breathing on an ani- 
mal breathing as rapidly as 100 per minute. 

Results. Pressure Breathing on Expi- 
ration. The data on this form of pressure 
breathing are grouped according to the 
type of exposure to phosgene (CG) and 
whether oxygen or air was breathed by 
the dogs. These data are assembled in 
the upper 4 brackets of Table 1, labelled 
A, B, C and D. 

Group A: These dogs were gassed for 
30 minutes at a mean concentration of 
0.293 mg./Iiter. The treated dogs then 
received pressure breathing on expiration 
(6 cm. HoO) for 50 minutes of every hour 
for 36 hours, using 100% oxygen as the 
inhaled gas. A beneficial effect on mor- 
tality was not observed, nor was the pul- 
monary edema decreased by the treat- 
ment, according to the lung/body weight 
ratios of those that died within 72 hours. 

Group B: These dogs were gassed at a 
mean concentration of 3.19 mg./liter for 
2-2 minutes, and given pressure breathing 
as in Group A. The series was terminated 
when the low control mortality became 
apparent. While the number of dogs is 
too small for evaluation, the results are 
in line with those of Groups A and C, and 
are taken to indicate that use of lower 



ration. LanKistcr, N. Y., wlio generously lent to us this spccialI.v”buUt apparatuf Aviation Corpo- 
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mortality rates would be unlikely to afFect 
the general interpretations. 

Group C; The dogs in this group were 
gassed at a mean of 3.24 mg./liter for 
3j minutes and received pressure breath- 
ing on expiration, using 100% oxygen, as 
in Group A, except that the mask was 
removed for 5 minutes of every § hour. 
No evidence of benefit was observed, as 
judged by either the mortality or the 
lung/body, weight ratios. 


tanee. This group is also a control for 
Group C, insofar as increased oxygen need 
due to the work of exhalation against a 
resistance is concerned. Here, too, no 
e\ddence of real benefit was observed. 

The data of these 5 groups of experi- 
ments uniformly deny the possibility that 
pressure breathing increases survival in 
experimental phosgene poisoning, despite 
the additional use of ox3"gen under condi- 
tions which should preclude oxygen poison- 


Table 1. — The Effects of Pbessehe Breathing on the Mortalitv of Phosgene- 

poisoned Dogs 


(Groups A, B, C and D received pressure breathing on expiration, while Group E received pressure 
breathing on inspiration, for the first 36 hours after gassing. See text for details of procedures 
and doses of phosgene.) 

In dogs dying within 3 days 


Cumulative deaths at: Hours of Lung/body 



Procedure 

No. 

dogs 

12 

hrs. 

24 

hrs. 

36 

hrs. 

48 

hrs. 

3 da3'’s 

10 days 

Mean 

Range 

Mean 

Range 

A 

Treated 

23 

4 

10 

12 

IS 

16 

(70%) 

19 

(83%) 

22.6 

(1.6-52,5) 

4.6 

(2. 5-6. 4) 


Control 

23 

6 

11 

12 

13 

14 

(61%) 

17 

(74%) 

21.1 

(8.0-72.0) 

4.6 

(3. 4-5. 8) 

B 

Treated 

0 

1 

2 

2 

3 

3 

(60%) 

3 

(00%) 

19.5 

(4.0-36.5) 

3.2 

(2. 0-4.0) 


Control 

0 

0 

0 

0 

1 

1 

(20%) 

1 

(20%) 

36.5 

4.1 

C 

Treated 

10 

3 

6 

7 

9 

9 

(90%) 

9 

(90%) 

20.5 

(9.0-45.0) 

4.2 

(3. 1-4.9) 


Control 

10 

6 

0 

6 

0 

6 

(60%) 

6 

(60%) 

8.2 

(6.0-10.5) 

4.2 

(2. 8-5. 3) 

D 

Treated 

16 

10 

16 

16 

10 

16 

(100%) 

16 

(100%) 

12.8 

(4.0-20.8) 

3.8 

(3. 0-4. 8) 


Control 

10 

3 

9 

12 

12 

12 

(75%) 

12 

(75%) 

17.0 

(8.0-32.0) 

4.3 

(3. 2-5. 3) 

E 

Treated 

22 

9 

13 

13 

10 

17 

(77%) 

19 

(86%) 

21.6 

(7.0-50.0) 

4.2 

(2.9-6. 1) 
(3. 2-6. 7) 


Control 

24 

3 

13 

18 

19 

19 

(79%) 

19 

(79%) 

18.1 

(4.0-46.0) 

4.2 


Group D : These dogs were gassed with 
the same doses of phosgene as Group C, 
but inhaled air instead of oxj^gen. This 
group was designed as a control on the 
procedure and the use of oxj^gen in con- 
nection with pressure breathing. It ap- 
pears that the oxj'gen was responsible for 
whatever prolongation of life occurred in 
the other groups. Both the disproportion- 
ate number of earlj’^ deaths and the de- 
creased ultimate surHval in this group are 
evidence that the procedure was valueless, 
if not actuall.v harmful. 

Group E: Pressure Breathing on Inspi- 
ration. These dogs were exposed to a 
mean phosgene concentration of 3.29 mg./ 
liter for 3^ minutes and then were given 
pressure breathing on inspiration during 
50 minutes of each hour for 36 hours; the 
inspired gas was 100% oxj'gen. As indi- 
cated above, inspiration was made almost 
compietelv passive b^' the mcclianism and 
expiration was essentialb' without resis- 


ing. Two changes were observed under 
pressure breathing which are desirable 
sj'mptomaticallj': (a) the respiratory^ 

rate was generally slower during either 
tvpe of pressure breathing m’th oxygen; 
(b) application of pressure breathing when 
rales were present caused the rales to 
disappear almost completely^ e.xcept short- 
ly before death. On the other hand, the 
rales promptly'^ returned when pressure 
breathing was discontinued. Also the 
rate of development of edema under 
pressure breathing was comparable ndth 
that of the controls according to the hema- 
tocrit changes, and the final degree of 
edema in the lungs at death was similar 
in the control and treated groups, as 
judged by' the lung/body' weight ratios. 
The changes in heart rates of control and 
treated animals were similar throughout. 

In another series of 9 gassed dogs (not 
included in the table) pressure breathing 
on e.xpiration at 4 to Ojem.^HsO pressure 
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pressure breathing on inspiration, which 
in addition almost completely remoS’es 
negative pressure in the lungs during the 
respiratory cycle. Of the 3 systems of 
administration, pressure breathing on ex- 
piration seems to be the least desirable, 
although it is the most convenient. 

These results indicate that pressure 
breathing ivould be inetfective or even 
harmful in phosgene poisoning in man. 
Apparently pressure breathing is either 
not suited, or is not sufficiently corapre- 
hensive to deal with the anatomic and 
functional damage found in phosgene 
poisoning. 


Summary. 1. Pressure breathing with 
oxygen at 6 cm. HjO, both on inspiration 
and on expiration, was administered to 
phosgene-poisoned dogs for the first 36 
hours after gassing. No reduction in 
mortality was observed and according to 
the hematocrit changes and the lung/body 
■weight ratios at death, neither the rate 
of development nor the final degree of 
pulmonary edema was influenced by such 
treatment. 

2. Certain of the data suggest that 
such treatment may be harmful in phos- 
gene poisoning and the effects of pressure 
breathing on the circulation are discussed 
from that point of in'ew. 
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The anatomy of the pancreatic duct 
system and of its relationship to the lower 
end of the common bile duct has been a 
subject of much interest since 1901 when 
Opie® first presented his “common chan- 
nel” theory of the etiology of acute hemor- 
rhagic pancreatitis. This theory found 
its origin in Opie’s now classic autopsy 
study of a case of acute hemorrhagic pan- 
creatitis in which he found a small biliary 
calculus impacted in the papilla of Vater, 
converting the duct of l^firsung and the 
common bile duct into a common channel 
so that there had been a reflux of bile 
into the main pancreatic duct. The theory 
that tlie pancreatitis had been caused by 
the reflux of bile into the pancreatic tree 
was well founded because Claude Bernard® 
had previously shown that the injection of 
a mixture of bile and olive oil into the 
pancreatic duct produced the disease in 
experimental animals. That acute, hem- 
orrhagic pancreatitis can be produced by 
such an injection of bile has been shown by 
numerous investigators.^ .12. is .22,24, 25,17 ,37 
Opic’s theory has subsequently been the 
subject of much study and considerable 
criticism; but many authors"®-®-®® now 
agree with Dragstedt’s^® opinion that the 
common channel theory probably explains 
00 to 70 % of cases of the disease that occur 
in man. 

It was originally thought that a calculus 
impacted at the ampulla of Vater was 
responsible for the formation of a common 
channel in all cases of pancreatitis,® but 
subsequent autopsy studies have shown 
that a calculus is the obstructing agent 
in not more than 10 % of clinical cases of 
this disease.'® On the basis of Archibald V 

voi. xo, ft— nrfiAtiinii, Ipir 


work in animals it is now believed that 
segmental spasm of the sphincter of Oddi 
is the obstructing agent which creates the 
common channel in most clinical cases of 
the disease. 

There are 2 important prerequisites 
that must be fulfilled before Opie’s com- 
mon channel theory can be accepted. The 
first of these, as Opie realized,® is that the 
anatomic possibility for the formation of 
a common channel in a reasonable per- 
centage of people must be established. It 
is obvious that the 2 ducts must unite to 
form a common ampulla before emptying 
into the duodenum and that the union 
must occur at a sufficient distance from 
the duodenal orifice to allow for obstruc- 
tion of the orifice without obstruction of 
either of the ducts. 

That a common channel exists in a 
limited number of persons has been 
proved in vivo by cholangiography. This 
study does not necessarily demonstrate 
all cases in which reflux is possible, but it 
does offer e\ddence in vivo that reflux is 
anatomically possible. Table 1 indicates 
the results of such studies by several 
investigators. 

Table 1.— Demonstbation of the Pancreatic 
Duct in Cholangiographic Studies (In 
Vivo Studies op the Reflux of Fluid 
From the Common Bile Duct Into the 
Major PANCREA-nc Duct) 

Incidence of 
reflux 

. , No. ~ , 

Author p.-itients No. % 

Colp and Doubilet’ . . 35 7 20 

Robins and Hermanson^’ 25 4 16 

Hunt, Hickson, Best>^ .56 5 9 

Leven” gi 2I ^>3 

800 “frequent” 
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The second important prerequisite is 
that once a common channel is formed the 
direction of flow in that cliannel must be 
in the direction of the pancreas rather 
than the reverse. It would seem that the 
direction of flow in such a system would 
depend upon the relative pressures exist- 
ing in the 2 ducts. This has been consid- 
ered, and it has been shown that in ani- 
mals the maximal secretory pressure of 
the pancreas equals or exceeds that of the 
Ijver.i®’^^ This has been considered strong 


investigated by numerous workers in the 
last 40 years, but the results have been 
amazingly divergent. Table 3 summa- 
rizes the results of prewous studies of 
the problem. 

Tabi/E 2. — Incidence op Patent Duct of 
Santorini Connecting Duct of 
W iRSUNG With Duodenum 

Patent at 

Author No. cases both ends 

Opie®‘ .... 100 • 52 

Simpkins^^ ... 25 12 

Rienhoff-Pickrel)^* 100 62 

Present series . . 150 36 



Fig. 2.— The pancreatic ducts. Tlie ampulla of Vater is illustrated at the junction of the major 

pancreatic duct with the common bile duct. 


evidence against the common cliannel 
theory hecanse the onset of acute hemor- 
rhagic pancreatitis usually occurs about 
2 hours after a heavy meal when the secre- 
tory activity of the pancreas is maximal.'® 
Dragstedt, Hayinond and Ellis'® feel that 
> the secretory pressures are not the only 
factors determining the direction of flow. 
They have stated that if a patent duct of 
Santorini connects the duct of Wirsung 
with the duodenum, the secretory pressure 
of the pancreas would be nullified because 
the duodenal orifice of the duct of San- 
torini ha.s no .sphincter (Table 2, Fig. 2). 

The anatomy of the ampulla of Vater 
ami the ndationship of the bile and 
' i»anereatic ducts at this point have been 


Opie,-' in 1901, dissected this region in 
100 fixed specimens and found that in 89 
the ducts united to form a common am- 
pulla, and in 11 they opened separately 
into the duodenum. He concluded that 
the ampulla must be 5 mm. or more in 
length if an impacted stone is to cause 
reflux info the duct of Wirsung. He found 
that on this basis the anatomic possibility 
for the formation of a common channel 
existed in 30% of his specimens. Mann 
and Giordano®' studied fixed specimens 
from 200 consecutive autopsies by dissec- 
tion. They found that both ducts opened 
separately in 31% of cases and that in 
4.5% of cases the ampulla was less than 
2 mm. in length. They found the am- 
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pulla to be 5 mm. or more in only 3.5% 
of cases and felt that in only these cases 
could a common channel possibly be 
created. This study was felt by many to 
have, cast serious doubt on the common 
channel theory. Many other studies 
(Table 3) on fixed specimens have given 
similar results. 


embryologic development of the ampulla 
of Vater in 18 human embryos and fetuses 
and came to the following conclusion: 
"The ampulla . . . is at first coex- 
tensive with the oblique intramural pas- 
sage of the duodenum, but beginning at 
the 30 mm. stage the point of junction of 
the bile and pancreatic ducts recedes from 


Table 3. — Studies on the Incidence and Size or the Ampulla of Vater 
Fixed Specimens — Dissection, Method 


Author 

Date 

No. 

Ampulla 

No 

Ampulla over 

Reflux 

specimens 

present 

ampulla 

5 mm. length 

possible 

Schirmer®* 

. 1893 

48 

25 

23 



LetuUe and Nattan'® 

. 1898 

21 

8 

15 



Opie*'' 

. 1903 

100 

89 

11 

30.0 

30.0 

Ruge’“ 

. 1908 

43 

32 

11 



Osier*' 

. 1908 

100 




32.0 

Baldwin' 

. 1911 

90 

70 

20 



Belou' 

. 1915 

50 

23 

27 



Judd'* 

. 1921 

170 




4.5 

Mann and Giordano*' 

. 1923 

200 

130 

70 

3.5 

3 5 

Jobi' 

. 1926 

116 



5.3 


Schmieden and Sebening** 

. 1927 

35 




32.0 

Hozapfel'* 

. 1930 

50 

10 

40 



Dardinski® .... 

. 1936 

100 

49 

51 

8.0 


Rienhoff-PickrcU*** . 

. 1945 

250 

81 

169 

19.0 

32,0 


Unfixed Specimens — Injection Method 



Cameron and Noble’ 

. 1924 

100 

74 

26 

48 0 

66.0 

Present series .... 

. 1946 

150 

109 

41 

26.0 

54.0 


* 100 fresh specimens included. 


In 1924 Cameron and .Noble’ investi- 
gated the anatomy of this region with 
reference to the common channel theory 
in fresh specimens, using a more physio- 
logic method. They placed a small, 
roughly spherical gall stone in the common 
bile duct and manually stripped it down- 
ward until it became impacted at the 
ampulla. They then injected fluid into 
the common bile duct under a pressure of 
100 mm. of water and found that reflux 
into the pancreatic duct occurred in 66 % 
of 100 specimens. Subsequent dissection 
revealed that the average length of the 
ampulla in these specimens was 6.7 mm. 
They found that a true ampulla was 
formed in 74% of 100 specimens. This 
work was accepted by Dragstedt, Hay- 
mond and Ellis,’® and others as haT-ing 
conclusively settled the question of the 
anatomic basis for the common channel 
theory. 

Schwegler and Boyden®* studied the 


the window in the intestinal wall into the 
submucosa until, near term, it lies half 
way between the tunica muscularis and 
the end of the papilla.” 

On the basis of this work and supported 
by the studies of Job,’® Dardinski,® Mann 
and Giordano,®’ and others (Table 3), they 
stated that “pancreatitis resulting from 
regurgitation of bile into the dvcixis pan- 
crcaiicxis is theoretically possible in a very 
small per cent of indiriduals.” They crit- 
icized the work of Cameron and Noble,’ 
implying that their results may well have 
been due to an artefact produced by rup- 
ture of the membranes separating the dis- 
tal ends of the 2 ducts when the gall 
stone was stripped down to the ampulla. 

Methods. This study consisted of exam- 
ination of 1.50 fresh, unfixed specimens con- 
sisting of pancreas, duodenum and common 
bile duct removed intact at autop.sj' at the 
Philadelphia General Hospital. Our method 
was as follows: The common bile duct wa.s 
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dissected free to the duodenal wall. The 
major pancreatic duct was picked up close 
to its junction with the common bile duct 
and exposed for a sufficient distance to insure 
adequate visuahzation. In 102 specimens 
the method of Cameron and Noble’ was fol- 
lowed, that is, a small calculus was manually 
stripped down the common bile duct until 
it became impacted into the ampulla. Col- 
ored fluid was then injected into the common 
bile duct under a pressure of 500 mm. of 
water instead of 100 mm, as was used by 
these investigators. In 48 specimens the 
duodenum was opened and the papilla of 
Vater was occluded by clamping it with a 
small mosquito hemostat. A cannula was tied 
into the common bile duct, and a colored 
fluid, was injected into it under low pressure 
by means of a syringe. If reflux of the fluid 
into the duct of Wirsung occurred, the duct 
was distended, and the fluid could be seen 
escaping from pin-point holes in the wall 
produced when the duct was dissected free 
from adjacent parenchyma. 

In each of the 150 specimens the major 
duct was then clamped off close to its junc- 
tion with the common bile duet, and fluid 
was injected into it through a cannula in 
the tail of the gland in order to determine 
the number of cases in which a patent duct 
of Santorini connected the duct of Wirsung 
with the duodenum. At the end of the 
experiments the duct of Wirsung and the 
common bile duct v'ere carefully opened to 
the tip of the papilla with a pair of fine scis- 
sors. The septum between the 2 ’ducts was 
carefully examined in all cases for evidence 
of tearing or perforation, and the depth of 
the ampulla was measured. 

Results. 1. In 81 of 150 cases (54%), 
a common channel was created by tlie 
methods described, and reflux of the in- 
jection fluid into the duct of Wirsung 
occurred. In 69 (46%) no reflux was 
demonstrated. 

2. A patent duct of Santorini connect- 
ing tile duct of Wirsung with the duo- 
denum was demonstrated in 36% of 150 
cases. A comparison with results of 
previous studies in which tliis was con- 
sidered is shown in Table 2. In 44% of 
the 81 cases in which reflux at the ampulla 
of Vater occurred, a patent duct of San- 


torini connecting the duct of Wirsung 
with the duodenum was demonstrated. 

3. The results of measurement of the 
ampulla are shown in Table 3. Reflux 
occurred in 2 cases in which the ampulla 
was 2 mm, and in all cases in which it was 
3 mm. or more in length. 

4. In no case was any evidence of 
tearing or perforation of the septum be- 
tween the 2 ducts detected. 

This study confirms the findings of 
Cameron and Noble,'' and there was no 
evidence on macroscopic examination that 
the membrane between the 2 ducts at the 
ampulla had been torn or perforated. 
The pressure selected was approximately 
that which was found to be the minimal 
pressure necessary in vivo^^ for injection 
into the pancreatic duct of dogs. The 
injection method, using fresh material, is 
a more physiologic approach to the prob- 
lem of the incidence of an anatomic 
arrangement which makes it theoretically 
possible to create a common channel, con- 
necting the pancreatic and common bile 
ducts at the ampulla of Vater, than is 
simple dissection with measurement of 
the ampulla. It is, therefore, believed 
that Cameron and Noble’s’' conclusion is 
valid, that in at least one-half of all per- 
sons the possibility of the formation of a 
common channel exists. It should be 
pointed out that in all of the studies which 
would indicate that this is not the case 
the specimens examined have been pre- 
served in some fixative solution. These 
substances all cause some shrinkage of 
tissue, and this factor could certainly alter 
the measurement of the depth of the 
ampulla from that which was present in 
the fresh specimen. Moreover, when 
measurement of the ampulla is the only 
criterion by which the possibility of the 
occurrence of reflux is determined, the 
factor of the elasticity and distensibility 
of the walls of the ampulla cannot be esti- 
mated. This must certainly play a part 
in determining whether or not reflux oc- 
curs when the obstructed papilla is subject 
to the pressure of bile that exists in the 
common duct. For these reasons it is prob- 
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able that the results of studies in which 
fixed tissue is used do not represent the 
conditions that exist in the li^^ng body. 

It is of possible significance that the 
group of specimens in which reflux from 
the common bile duct to the duct of Wir- 
sung constituted only 54% of the total 
group studied but contained 82% of the 
specimens in which the duct of Santorini 
was patent from the duct of Wirsung to 
the duodenum. 

Summary. 1. When tire papilla of 
Vater was obstructed by a small calculus 
or was clamped bj' a hemostat, fluid 
injected into the common bile duct 
regurgitated into the duct of Wirsung in 
81 (54%) of 150 fresh specimens. 


2. The duct of Santorini was shojrn to 
be patent from the duct of Wirsung to the 
duodenum in 54 (36%) of 150 specimens. 
This occurred in 44 of the 81 cases in which 
a reflux was demonstrated and in only 10 
of the 79 cases in which no reflux occurred. 

3. The common duct and the main pan- 
creatic duct united to form an ampulla in 
109 cases. In 41 cases the 2 ducts opened 
separately into the duodenum. 

Conclusions. E%ddence is presented 
which confirms the finding of Cameron 
and Noble’ that the anatomic possibility 
for the formation of a common channel 
at the ampulla of Vater exists in at least 
50% of persons. 
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Considering the enormous volume of 
literature devoted to the coronary arteries, 
the dearth of attention given these vessels 
in newborns, infants and children is rather 
surprising. A few investigators have in- 
cluded the coronary arteries of young 
people in overall surveys of age changes • 
occurring in these vessels; none of these 
has studied infantile coronary arteries in 
numbers adequate for statistical analysis. 
To meet this need, there are here reported 
the histologic studies on the coronary 
arteries of 204 infants, most of whom died 
at or soon after birth. 

Jores,^'® Bork,® and Wolkoft'^®'^® explored 
arterial changes with age. They described 
a pattern of intimal development in vei’y 
small numbers of newborns and children 
which has been accorded widespread ac- 
ceptance. In brief, they noted that the 
first departure from the normal coronary 
intiraa (wliich may be defined as a single 
layer of endothelium covering the intact 
internal elastic lamella) is a splitting of 
the internal elastic lamella to form the 
internal limiting lamella; when medial 
muscle cells migrate through the internal 
elastic lamella into the space between 
these elastic laminre, the musculo-elastic 
layer is formed. The elastic hyperplastic 
layer arises from the internal limiting 
lamella by splitting off from the latter. 
It is this la;j'er which may assume primary 
significance in the der-^elopment of athero- 
sclerosis, for in it collagen, lipoid and cal- 
cium may be deposited. Ehrich, dela 
Chapelle, and Cohn^ observed the niuscu- 
lo-clastic layer at the origin of the anterior 
descending artery in the hearts of all 5 of 
their newborns (4 males and 1 female) 
and in the right coronary artery in 1 new- 
born. None of the coronary arteries of 


their newborns revealed an elastic hyper- 
plastic layer. Both the musculo-elastic 
and elastic hyperplastic layers were found 
with increasing frequency in the 2nd 
decade, but in this age group, too, the 
number of hearts examined was very small. 

In 1934 Gross, Epstein and KugeP re- 
ported on the histology of the coronary 
arteries with particular emphasis on the 
changes occurring with age in each of the 
major rami. They studied a total of 
50 hearts selected in such a way as to 
eliminate diseases which might affect the 
coronary arteries; however, they did not 
include the diagnoses nor did they indicate 
the number of hearts in any age group. 
Their observations may be summarized 
briefly: The musculo-elastic and elastic 
hyperplastic layers were found at birth in 
the left anterior descending artery, in the 
left circumflex artery between the 3rd and 
12th month, and in the right coronary 
artery at about the 12th month. These 
findings are not in close agreement with 
those of Ehrich, de la Chapelle and Cohn 
just cited, hloreover, none of the afore- 
mentioned authors^-^'®-'^’®'^®'^® either di- 
rectly or by implication suggested any sex 
difference in the time of appearance or 
degree of development of these intimal 
changes. 

The significance of these intimal changes, 
particularly with respect to the future 
development of atherosclerosis is not en- 
tirelj’- clear. Concerning splitting of the 
internal elastic lamella and the formation 
of a musculo-elastic layer, there is no 
unanimity of opinion. It is claimed that 
these changes are physiologic, a view pre- 
sumably supported by the fact that they 
occur during the period of active arterial 
growth, and because, according to Bell,^ 


IreseiUed at the New York Pathological Society Meeting, May 22 19-i7 
T Now Resident in Medicine, Veterans Adminbtration Hospital, Bronx, N. Y'. 



624 


MINKOWSKI: THE COEONABY ARTERIES OF INFANTS 


there are rarelj' any retrogressive changes 
in the intima during this period. On the 
other hand, Jores^ considered any splitting 
of the elastic lamina a manifestation 
of arteriosclerosis. McMeans^" demon- 
strated that any inflammatory or toxic 
substance acting in sufficient concentra- 
tion results in a dissolution or alteration 
in this elastic lamina and gives the ap- 
pearance of splitting. He Mt that any 
splitting or alteration of this sort, once 
induced, is permanent and may be in- 
creased by further injury. Moreover, 
MacLean’s*® support of the notion that 
any alteration in the internal elastic 
lamella and overlying endothelium is 
pathologic rests on the commonplace ob- 
servation that these changes, even in 
mild form, may be absent in the coronary 
arteries of elderlj' individuals, while very 
striking in those of children and young 
adults. 

Essential unanimity exists vdth regard 
to the significance of the elastic hj^perplas- 
tic layer. Jores'^-® contended that this 
layer is pathologic, pointing out that it 
occurs without uniformity from vessel to 
vessel and -ndthin the same vessel, and 
that he noted transitions from the elastic 
hyperplastic layer to processes unequivo- 
cally pathologic. Jores believed this layer 
to represent a compensatory response to 
increased intravascular pressure. Ehricb, 
de la Chapelle and Cohffi stated that the 
elastic hjqierplastic layer may serv^e as 
the anlage for the development of athero- 
sclerosis by %'irtue of its thickness which 
predisposes it to nutritional disturbances. 
Gross, Epstein and Kugel® were con\’inced 
that gradations from the elastic h.vTier- 
plastic layer to atherosclerosis could read- 
ily be seen in their material. 

In 1946 Dock® wrote a unique and 
stimulating paper on tlie coronarj’ arteries 
in the newljom in which he approached 
the subject from the point of view of es- 
tablishing a sex dilTerence in thickness of 
the nc%vi)om coronary intima. Emplojing 
12 males and 12 females less than 1 day 
old, he cut cross-sections from each of 
the major coronary rami, stained them by 


the Weigert-van Gieson method, drew the 
intima and media at a magnification of 
100 diameters, and calculated their surface 
areas. The intima-media ratio was used 
as the variable, and analysis of his data 
enabled him to state that the newborn 
male coronary intima is about 3 times as 
thick as that of the newborn female. 
From this he concluded that: “This is 
believed to establish the basis for the sex 
difference in the incidence of coronary 
occlusion and to prove that the predilec- 
tion of atherosclerosis for the coronary 
arteries is due to their possessing an intima 
varjnng in thickness from 10 to 600% of 
that of the media and averaging 26 % in 
newborn males and 8% in females.” 

Method and Material. Tables 1 and 2. 
list the age groupings and diagnoses of our 
material, including 122 males and 82 females. 
The vast majority were stiUborns and new- 
borns less than 1 week old. The causes of 
death were, in general, limited to birth in- 
juries and/or asphyxia, inflammatory proc- 
esses, and a small number of miscellaneous 
diseases unrelated to either of the former 
groups. Sections about 5 mm. thick were 
taken from each of the 3 major coronary 
arteries at 0.5 to 1 cm. from their origins. 

A small transverse section was also taken 
from the base of the aorta. All material 
was fixed in formalin and embedded in 
paraffin. Sections 6 micra thick were rou- 
tinely stained with hematoxylin and eosin. 
Where desirable additional sections were 
stained for elastic and collagenous tissue. 
The hematoxj'lin-eosin and/or elastica sec- 
tions were photographed. directlj' on enlarg- 
ing paper at magnifications of 24 to 154 
times. A standard hemocjdometer was 
photographed on film at the .same magnifica- 
tions. The areas of intima and media were 
then measured directly by superimposing 
the transparent film with properly magnified 
scale on the paper negative and the ratio of 
intima to media was calculated. In the con- 
te.xt of this paper the term intimal thicken- 
ing refers to the muscuIo-eIa.stic and/or 
elastic hyperplastic layers as illustrated in 
Figure 1 64 to D). The statistical term sigma 
refers to the probable error of the means; a 
difference between the means of 2 samples 
equal to or greater than 3 times the prob- 
able error is considered significant. A dif- 
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ference between 2 and 3 times the probable 
error is considered highly suggestive. 

Results. From the outset the primary 
purpose of this study was 2-fold: to estab- 
lish the existence or non-existence of a 
significant difference in thickness between 
the male and female newborn coronary 


intima; and, should these data confirm 
Dock’s report, to endeavor to shed some 
light upon the nature of this difference. 
In Table 1 the pertinent statistical data 
are given. In the total group of 122 males 
and 82 females the intima-media ratio for 
all 3 arteries in all age groups reveal no 
significant sex difference. 
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The total material was then subjected 
to age group analyses. Male: female com- 
parisons in the following groups suggest 
no important sex differences: (1) all 
hearts up to 2 days of age (80 males, 
52 females); (2) all hearts up to 1 week 
of age (84 males, 58 females); (3) all 
hearts more than 2 daj's of age (42 males, 
30 females); and (4) all hearts up to 
1 month of age (92 males, 62 females). 
The only group in which male: female 
differences are significant is the more-than- 
1-month-old group comprising 20 males 
and 20 females. The difference between 
the means is 5 times the probable error 
of the means. But in this group the valid- 
ity of the difference is somewhat obscured 
by the fact that in the deaths of 82% 


there were 51 males and 25 females. 
Analysis of these groups yields a highly 
suggestive difference between the means 
of 2.64 times the probable error of the 
means. This implies that in only 1 in 
100 times chance factors might have pro- 
duced this difference. 

Shortly after this study was begun, it 
was decided to correlate intimal thicken- 
ings with the pattern of coronary artery 
distribution. Applying the criteria of 
Sehlesinger,^’ 170 hearts were classified as 
right preponderant, left preponderant, or 
balanced. The technique for determining 
the epicardial course of the coronary 
arteries was that of gross inspection and 
multiple sections across the long axis of 
the vessels. The notion that these intimal 


Table 1.— Age Gboups axd Pebti.ve.vt Statistical Data for Total Material 


Aea groups 

Total 

-Male 

Female 

Probable 
error of mean.? 

Difference 
between means 

.\11 age groups 

204 

122 

S2 

0 02C 

0 OOS 

Up to 2 days 

132 

SO 

52 

0 029 

0,009 

Up to 1 week ... 

142 

S4 

5S 

0 023 

0 015 

More than 2 days .... 

72 

42 

30 

0 017 

0 OOS 

Up to 1 month .... 

104 

102 

C2 

0 041 

0 014 

More than 1 month 

40 

20 

20 

0 022 

0.111 

BIH group comparable to 
Dock’s . . 

7G 

51 

25 

0 0037 

0 009S 

Table 2. 

—Diagnoses 

FOR Total Materlal 



Diagno'i? 

Total 

Male 

Female 

Birth tr.auma and/or asphj'xia . 

. . Ill 

CG 

45 

Infection 

70 

43 

27 

Miscellaneous 

23 

13 

10 


of these cases, male and female combined, 
a severe inflammatory process was cither 
the direct cause or a major contriluitory 
factor; this was tnie of 90% of the males 
and 75% of the females. The influence 
of infection on arterial intima has already 
briefly been noted in the work of itfcMeans 
in 1915. It will be discussed again in the 
course of this paper. 

It wa.s then felt de.sirable to set up a 
group of mules and of females comparable 
to tfic.-ic ernployccf by Dock." Every pos- 
.cible extraneou.s factor which might con- 
ceivably affect the coronary intima was 
eliminated. The groups were finally re- 
stricted to infants not more than 1 day 
of age whose fleaths rould bo attributed 
to birth trauma and/or iisplijcria. In all 


bolsters represent pre-arteriosclcrotic le- 
sions has been advanced by several inves- 
tigators previously cited. If this is true, 
then one might c.vpcct the distribution of 
these infantile lesions to be similar to that 
established for the adult coronary lesion. 
Schlcsinger''-’* and his co-workers in 
Boston, and Ravin and Geever'' in Denver 
have de.=:cTibed a pattern of behavior for 
coronary sclerosis with respect to its dis- 
tribution in each of the major coronary 
arteries as well as in cacli of the 3 arterial 
distribution groups describcf! by Schlesin- 
gcr. The details of our results in this 
regarrl will lie reported in another paper. 
Suffice it to state at this time that our data 
reveal remarkable similarities in the di.s- 
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tribution of tlie adult and infantile coro- ed him to the statement that “ there is 
nary lesions. little evidence in favor of the idea 

Comment. During the course of the that infections, whether acute or chronic, 
histologic observations, it was noted that play a great part in the pathogenesis of 
in those cases demonstrating particularly arteriosclerosis.” 

thick coronary intimas, the diagnoses were In Hueper’s® comprehensive reviews on 
basically similar; namely, some severe in- arteriosclerosis the toxin theory is briefly 
fiammatory process, most often broncho- discussed. He cites the early observations 
pneumonia. Dissension is rife among of numerous European workers among 
investigators concerning the effect of infec- whom opinion differed widely as to the 
tious diseases on arterial intima. Elotx® effect of infectious diseases on the arterial 


had postulated that hematogenously dis- 
seminated bacteriotoxins injured the arter- 
ial intima in such a way as to increase its 
permeability to plasma lipids, thereby lay- 
ing the cornerstone for subsequent athero- 
sclerosis. In 1915 McMeans^- whose work 
has already been mentioned, studied the 
coronary arteries of small groups of chil- 
dren, young adults and elderly people. 
His young hearts were obtained from 
children who had died of pneumonia, 
scarlet fever, diphtheria, meningitis and 
other acute infectious diseases. He con- 
cluded that splitting of the internal elastic 
lamella was a toxic manifestation of infec- 
tions and, furthermore, that this splitting 
repre.sented a permanent alteration in the 
artery which would later provide the base 
for arteriosclerotic change. It is difficult 
to accept these conclusions inasmuch as 
he had no adequate control group of hearts 
obtained from young patients who had 
died of causes other than acute infections. 

In 1921 Monckeberg'® reported on his 
observations in children dying of acute 
infectious diseases, particularly influenza. 
He noted that the degenerative intimal 
changes in their coronary arteries occurred 
in the same places where one finds adult 
coronary atherosclerosis. Ophuls''-'® was 
an early champion of the infectious origin 
of arteriosclerosis, but following a detailed 
study of 500 autopsies, concluded that 
“no altogether acceptable proof, hower-er, 
has been furnished of this suspected in- 
terrelationship between certain infectious 
diseases and the later .development of 
arteriosclerosis or of the syndrome of 
cardiovascular disease.” IMacCallum’s" 
analysis of his own large material prompt- 


intima. Many felt that cushion-like cellu- 
lar thickenings with hyperplasia of elastic 
tissue as well as lipoid deposition occur in 
infectious diseases such as those previously 
mentioned. On the other hand, a smaller 
but none the less imposing group of men 
denied this relationship. Experimentally, 
many workers were successful in producing 
hyperplastic intimal thickenings (along 
with medial degeneration) with a variety 
of bacteria and bacterial products. But 
here, too, observations were at variance; 
moreover, the experimental animal used 
appeared to be an important factor in 
determining the effect of these experi- 
mental insults. 

In the present series (Table 3) acute 
infectious diseases appear unequivocally 
to have elicited intimal thickenings in the 
form of musculo-elastic and elastic hyper- 
plastic layers. The total material of 122 
males and 82 females was divided into 
2 groups: in 126 cases death was entirely 
unrelated to infections and in 78 cases 
some acute infectious process was the im- 
mediate cause of death. The difference 
between the means of the intima-media 
ratios is 5.5 times the probable error of 
the means, a highly significant difference. 
In those infants more than 1 month of 
age, in which age group an infectious dis- 
ease is more often than not the cause of 
death, there were .36 infection deaths and 
8 non-infection deaths. The difference 
between the intima-media ratio means for 
these groups is more than 8 times the 
probable error of the means. 

Conclusions. Three facts of practical 
and theoretical interest appear from these 
data; (1) Coronary intimal thickenings 
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in varying degree occur in a rather large 
number of newborns, infants and children 
of both sexes (Table 4). On the basis of 
very small samples several investigators 
have described the occurrence of the 
musculo-elastic and elastic hyperplastic 
layers in the coronary arteries of infants, 
assuming that their findings were charac- 
teristic of given age groups. In reality 
Dock is the first to have reported on more 
than negligible numbers. 

However, it is difficult to interpret Dock’s 


over, at best all figures are rough approxi- 
mations, since only a very small segment 
of each artery was examined. A technique 
approaching genuine accuracy would de- 
mand that each artery be studied micro- 
scopically throughout a large part of its 
epicardial course. In any event this 
study has confirmed the presence of intimal 
bolsters of varying size in one or more of 
the coronary arteries of a fairly large num- 
ber of newborns and children dying of 
various causes. 


Table 3. — Infection and Non-infection Groups 

Infection Non-infection Probable error Difference 
Age groups Total deaths deaths of means between means 

Total 204 70 134 0.02S 0 125 

More than 1 month ... 40 32 S 0 019 0.163 


Table 4.— Percentage of Males and of Ferlales Having Intisial Bolsters 


Intimal Intimal 

bolsters bolsters 


Group 

Total 

Male 

Female 

(% mnles) 

(% females) 

Dock 

24 

12 

12 

68 

39 

Total BIH 

. 204 

122 

82 

60 

51 

BIH group comparable to Dock's 

76 

61 

25 

43 

35 


statistics. He states, for example, that 
" 4 female babies (of 12) and 1 male (of 12) 
had no intimal cushions in any of the 
arteries sectioned.” This clearly implies 
that in 66 % of the females and in S % of 
the males intimal thickening was entirely 
absent. At the same time he iwites that 
"61% of the arteries from females but 
only 32 % from the males had endothelium 
lying on the inner elastic membrane, with 
no trace of intimal thickening.” 

In our series 60 % of 122 males and 51 % 
of 82 females revealed either a musculo- 
elastic and/or an elastic hyperplastic layer 
in one or more of their coronary .arteries. 
In the group comparable to that of Dock, 
43% of 51 males and 35% of 25 females 
eaanced varying degrees of intimal thick- 
ening. These percentages arc not in 
agreement witli those of Dock, possibly 
because of differences in m.aterial and in 
numbers. It is very difficult to comp.are 
results, since only 1 previous invcstig.ator 
has included data concerning the diagnoses 
and the site from which the sections of 
each coronary artery w.as taken. Morc- 


2. The second point of interest is that 
in a selected group of 51 males and 25 fe- 
males not more than 1 day old, whose 
deaths had followed either birth trauma 
or asphyxia, a difference between the male 
.and female intima-media ratio means of 
2.6 times the probable error of the means 
was obtained. This is considered a highly 
suggestive difference. The validity of this 
difference and of that in Dock’s material 
must be determined by examination of 
greater numbers of hearts. 

But whether or not a significant sex 
difference in thickness of coronary intima 
is demonstrated, the important unanswer- 
ed question is: "What do these intimal 
thickenings mean?” Are they transient, 
reversible responses to intra-uterine and 
neonatal insults? Are they permanent 
changes which may represent prcartcrio- 
sclerotic lesions? There is certainly a 
strong resemblance in some of these inti- 
mal thickenings to the so-called early adult 
arteriosclerotic lesion, for in the elastic 
hyperplastic layer collagen may be found. 
We did not attempt to demonstrate fat; 
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this should have Ijeen done. Furthermore, 
the distribution of these thickenings has 
been shown to be strikingly similar to 
that of the adult arteriosclerotic lesion. 
However, these infantile thickenings are 
still a far cry from the adult lesions. When 
adequate numbers of coronary arteries 
from patients of all age levels from birth 
to adult life have been studied carefully, 
the answer to this question should be 
available. 

3- The third observation of interest is 
the r61e played by infections. In our 
material bronchopneumonia was most 
common. For the entire group, and par- 
ticularly for the group more than 1 month 
old, the differences in means between the 
infection and non-infection groups is 
clearly significant. No other factor sug- 
gests itself as an explanation for these 
differences. These observations appar- 
ently confirm numerous earlier %vorkers 
who noted intimal thickenings in patients 
dying of acute infectious diseases. How- 
ever, since our newborn and early neo- 
natal material is deficient in infectious 
diseases as a cause of death, and since so 
few' of our older infants and children died 


of causes other than infections, it is diffi- 
cult to be certain that an inflammatory 
process alone is responsible for these more 
frequent and greater intimal thickenings. 
Again, only study of additional hearts 
from infants dying of acute infections and 
from young children dying of non-infec- 
tious causes will provide an adequate 
answer. 

Summary. 1. Coronary intimal thick- 
enings may be expected to occur in a large 
number of newborns, infants and children 
dying of various causes. 

2. In a group of 51 males and 25 females 
less than 1 day old, dying of birth trauma 
and/or asphyxia, the mean difference in 
coronary intimal thickness between male 
and female is strongly suggestive if not 
actually significant. 

3. The role of acute infections appears 
to be an important one in producing inti- 
mal thickenings in older infants and 
children. 

4. The meaning of these intimal thick- 
enings, particularly as concerns the subse- 
quent development of coronary arterio- 
sclerosis, remains to be clarified. 


The author wishes to express his gratitude to Drs. Alfred PJaut and Henry Brody for their helpful 
suggestions, and to Mrs. Mary Nurnberg, Mr. Otto Thumann, and Miss Syhda Lederman for their 
technical assistance. 
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ESTROGENS IN URINE AND CYTOLOGY OF VAGINAL SMEARS AFTER THE 
USE OF AN ESTROGENIC CREAM 

By Joseph Eidelsberg, M.D. 

ASSOCIATE PHOPESSOK OP CWNICAI. MEDICINE AND CHIEF OP ENDOCHINE CLINIC 
NEW YOHK, NEW TOKK 

(From the Endocrine Clinic. Department of Medicine, New York Post Graduate Medical School and 

Hospital, Columbia University) 


These studies were undertaken to ob- 
serve the effect of estrogen, administered 
by inunction, on the estrogen content of 
urine, and on the histological picture of 
vaginal smears. Some workers^ have 
shown that estrogens, administered in 
sufficient amounts and by various routes, 
produce an increase in urinary estrogens 
and alterations in vaginal smears. These 
changes varied with such factors as dosage, 
frequency and routes of administration. 
Creams and ointments containing estro- 
genic material have been suggested for 
inunction,® and some results have been de- 
scribed following their use. 

Method. For our studies a cream con- 
taining 3750 I.U. per § ounce of inert base 
was used,* and patients were instructed to 
"rub in ” approximately one-seventh of this 
amount into the skin of the face each eve- 
ning.* Thus appro.ximatel}' -|-53o I.U. were 
applied per day.f It has been pointed out 
that frequent smaller doses, "given in suc- 
cessive fractions were more effective than 
the same dose given” at one time.'--'-' Be- 
fore commencing the use of the cream, 
24-hour urines were collected once each 
week, except during menstrual periods, and 
vaginal smears were likewise made at about 
the same time. A total of 14 patients were 
studied, ranging in age from 18 to 56. The 
number of each patient as listed in tiie tables 
and her age are these; (1) IS j'cars, (2) 22 
years, (3) 23 years, (4) 30 years, (5) 34 j'cars, 
(6) 35 years, (7) 39 years, (S) 42 years, (9) 
44 years, (10) 44 j-ears, (11) 44 years, (12) 


Patient No. 13 had begun to have meno- 
pausal symptoms, although still menstruat- 
ing irregularly, and patient No. 14 had 
ceased to menstruate 5 years before. In all a 
total of 196 urine specimens were collected, 
57 before the use of the cream, and 139 
during the period of cream use, and 184 
vaginal smears were made. In addition 4 
women were used as non-treated controls 
for 15 weeks, 60 urinaiy estrogen deter- 
minations and 60 vaginal smear examinations 
being made, as described above. 

Results. The estrogen output figures 
are given in Table 1. The variations in 
output during the period of the use of the 
estrogen inunctions are not significantly 
different from those in the pre-inunction 
period or from those in the untreated con- 
trols. 

The vaginal smear findings are set forth 
in Table 2. They also show no significant 
change as a result of treatment. 

Summary and Conclusion. 1. The 
fluctu.ations in estrogen excretion in 4 
untreated controls and in 14 patients, 
before and during the use of an estrogen 
cream by facial inunction ivcre similar in 
pattern and not significantly different in 
amount. Likewise, their vaginal smears 
.appeared to show no signific.ant alteration 
in cytological cycles.® Therefore, in the 
amounts .and by the method applied 
(.3750 I.U. per week, or -f535 I.U. daily) 
the estrogen cream does not appear to 
produce any systemic effect. 


46 years, (13) 51 years, and (14) ,56 years. 

• The cstroKcnic cream was Mipplied by Lchn and Fink Product'! Corporation throupii tlio courtesy 
of Dr. E. G. Klarninnn. It cont.oin5 .3750 I.U. of n-atur.-il cs-trorenic hormone, e?rentin!ly estrone and 
estrndiol, per I ounce of crenm. Tiie vehicle contained lanolin fanhydrous) 2291. petrolatum (v. hite) 
4091. petrolatum b'cllow;^ OTc cholesterol 19 ^, mineral oil (hcaiT) 209^. lecithin 0.59L distilled water 

109c. and perfume 0.591. . , , , 

I Prenous .studies supscst that only alsmt 209c "f the e-troaenic mntcnal is alr-orlied upon mtinction, 

hence, alxiut 100 I.U. per d.ay in our studio-. 
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(From the Harold Brunn Institute for Cardiovascular Research, Mt, Zion Hospital) 


Although there is experimental and 
clinical etnidence®-®'^®-^^ to support the 
theory that potassium in phj'siologic ex- 
cess .tends to inhibit the action of digitalis, 
there is little known about their physio- 
logic interrelationships. 

Cattell and Goodell,^ Cattell,^ and Wood 
and Moe^? found that ouabain or a digi- 
talis glycoside induced a loss of potassium 
from the interior of both skeletal and 
cardiac muscle. Hagen,® however, found 
that only toxic doses of a digitalis glyco- 
side led to a loss of potassium from the 
rabbit heart. Moreover Wedd^® as well 
as Boyer and Poindexter^ believed that 
tlierapeutic doses of digitalis actually in- 
creased the potassium content of the 
heart. Certainly it seems clear from a 
perusal of the literature that no experi- 
mental evidence exists which indicates 
that the physiologic action of digitalis is 
completely dependent upon its theoretical 
properties of changing the potassium con- 
tent of muscle. 

In the following communication, the 
results of our studies dealing with the 
interrelationships of potassium* and a digi- 
talis glycoside (Lanatoside C) are reported. 
These results appear to indicate that 
whereas the specific cardiac actions of digi- 
talis arc not due to changes in potassium 
economy, the toxic action of the drug 
may be due to its property of ridding the 
heart of potassium. 

Methods. The embiy-onic duck heart was 
employed using the method described in 
preceding articles.®'" Briefly, this particular 
biologic preparation reacts to the presence 


of sufficient digitalis glycoside by the exhibi- 
tion of increased rate of beating, hypertonic 
contractility, A-V block and finally cessation 
of beating. The time of appearance of A-? 
block as well as the duration of beating are 
quantitatively commensurate with the con- 
centration of glycoside present. These last 
phenomena allow remarkable reproducibility 
in experiments carried out at any constant 
concentration of digitalis glycoside. 

lyrode’s solution was employed for the 
basic medium and changes in its potassium 
content were made either by removing or 
adding the chloride of this cation. Lanato- 
side C (derived from digitalis lanata) was 
used in all experiments in which a glycoside 
was added to the basic solution. Unless 
otherwise noted, the temperature of the 
solution containing the embryonic heart was 
maintained constantly at 34° C. It should 
be mentioned that if the temperature is 
elevated to 36°, many hearts spontaneously 
exhibit A-V block. This last phenomenon 
may be abolished by addition of excess KCl 
to Tjuode’s solution. The rate of beating 
as listed in the tables was obtained 5 min- 
utes after the immersion of hearts into test 
solutions. 

The investigation ivas divided into a 
study of : (1) the effect of changes in potas- 
sium ion concentration upon the activity of 
the embrjmnic heart; (2) the effect of potas- 
sium upon the physiologic activity of digi- 
talis glycoside; (3) the effect of digitalis 
upon the potassium content of the embrj-- 
onic heart. 

Results. 1. The Effect OF PoTASsiUAi 
Upon the Normal Embryonic Duck 
Heart. Embryonic hearts when placed 
in Tyrode’s solution without potassium 
invariably continued to beat (see Table 1, 
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Al), although weakly, for an average 
period of 29 minutes. The rate of beat- 
ing, although initially rapid, became pro- 
gressively slower so that after 15 minutes 
the rate was usually less than 50 beats 
per minute. This slowing of rate contin- 
ued until finally the hearts stopped in 
systole. Of the 29 hearts, 21 (72.5%) 
exhibited A-V block after an average 
period of 14 minutes. These hearts dif- 
fered from hearts exposed to a large 
quantity of digitalis glycoside in: (1) 
their relatively slow rate, (2) the absence 
of hj'pertonic contractions, and (3) the 
frequent absence of A-V block. 


the rate of beating became progressively 
slower and weaker, although the duration 
of beating was not altered until a concen- 
tration of 200 mg. per 100 cc. of KCl was 
reached. At this latter concentration, the 
rate of beating was 12 per minute, the 
vigor of beating became markedly im- 
paired and the duration of contractions 
lasted for only 11 minutes. 

2. The Effect of Potassium Upon 

THE AcTrnTT OF DIGITALIS GlTCOSIDE. 
The complete absence of potassium was 
found (see Table 1, Bl) to accentuate 
markedly the action of digitalis glycoside 
upon the embryonic heart. Thus 1 1 hearts 


Table 1.— The Effect of VAnn.TioKS in Cokcextbation of Potassium Upon Nokmal 
Embbtonic Hearts and Upon Those E.'iposed to Digitalis Glycoside, 



K cone, 
(mg. %) 

No. 

henrts 

Size of 
hearts* 

Rate 

A“V block 
(No.) 

Onset of 
A-V block 
(mins.) 

Rhythm 

Duration of 
contractions 
(mins.) 

(1) 

0 

29 

A, No Dioilolis Glycoside Present 

29 SG 21 14 

irreg. 

29 

(2) 

3 

15 

27 

59 

7 

2G 

Reg. 

Over 60 

(3) 

10 

S 

2G 

56 

0 


U 

« 

(4) 

20t 

15 

2S 

39 

0 


« 

a 

(5) 

100 

12 

29 

51 

0 


tt 

it 

(C) 

125 

5 

25 

29 

0 


n 

it 

(T) 

ISO 

10 

25 

19 

0 


(( 

it 

(8) 

200 

5 

2S 

12 

0 


<< 

11 

(1) 

0 

B. 

11 

With Digitalis Glycoside {0.001 Mg. per Cc.) 

2S 105 11 5 

Irreg. 

17 

(2) 

5 

15 

27 

90 

15 

7 


22 

(3) 

10 

24 

2S 

94 

24 

7 

II 

22 

(4) 

20t 

IS 

31 

90 

IS 

11 

II 

22 

(5) 

100 

17 

20 

5S 

14 

33 

« 

47 

(0) 

125 

10 

27 

27 

0 



40 

(7) 

150 

11 

25 

31 

0 



41 

(S) 

200 

5 

2S 

12 

0 


II 

11 


* Eriuals the diameter in mm. of vascular .'iinus -MirroundinK the embryo, 
t Ef]ual? a control solution of ordinary TjTode’s solution. 

+ Equals a control solution of ordinaiy T.vrodeV solution plus 0.001 mp. of diRitnlis' i;}yco!<it]e per ec. 


Hciirts immersed in Tyrode’.« solution 
containing only 5 mg. per 100 cc. of potas- 
sium chloride beat weakly but continued 
to contract for over GO minutes. Seven 
of the 15 hcart.s (see Table 1, A2) exhibited 
intermittent A-V block after an average 
period of 2G minutes. 

Hearts placed in Tyroile’s solution con- 
taining 10, 20 and 100 mg. per 100 cc. of 
KCl showed no e.-sential difTerenccs in 
their cardiodynamics. However, when 
lie.arts were placet! in higher concentra- 
tions of KC! fscc Table 1. .1 C. 7, S), 


immersed in Tyrodc’s solution without 
KCl but containing 0.001 mg. of glycoside 
per cc. exhibited V block after an aver- 
npe period of 5 minutes and ceased to beat 
after 17 minutes— a much stronger effect 
of glycositie than obtained in ordinary 
Ty'rode’s solution (sec Table 1, B4)- 
Hearts placed in Tyrotle’s solution con- 
taining the same amount of glycoside but 
cither .5 or 10 mg. per 100 cc. of KCl 
reacted ns did hearts exposed to glycosidr- 
in ordinary Tyrode'.s solution except for 
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the more rapid occurreoce of k-Y block 
(compare Table 1, B2, 3 and ^). 

Wlien excess KCl was added to Tyrode s 
solution, however, the activity of the 
glycoside was inhibited markedly. Seven- 
teen hearts exposed to 0.001 mg. of glyco- 
side per cc. of Tyrode’s solution containing 
100 mg. per 100 cc. of KCl continued to 
beat at a rate apparently uninfluenced 
by the glycoside. Moreover (see Table 1, 
B5), only 14 of the 17 hearts (82%) ex- 
hibited A-V block and then only after an 
average period of 33 minutes. These same 
hearts also continued to beat for an aver- 
age period of 47 minutes. It should be 
mentioned at this point that preliminary 


Although these studies indicated that 
potassium inhibited the action of digitalis 
glycoside, such inhibition was usually 
accompanied by a marked reduction in 
rate of beating. Preliminary studies had 
indicated that when the rate of beating 
was depressed to an equal degree by low- 
ering the temperature of the fluid bathing 
the hearts to 24° C., an inhibition of the 
action of digitalis glycoside occurred, 
which, although not as drastic as noted 
in the above cited experiments, neverthe- 
less suggested that at least part of the inhi- 
bition of glycoside by excess potassium was 
due to the depression of the heart rate by 
the latter. However, potassium was found 


Table 2.— The Behavioh of Hearts in Tyrode’s Solution After Previous Exposure to 
Digitalis Glycoside and Excess Potassium 

Onset of Duration of 

No. Size of A-V block A~V block contractions 

hearts hearts* Rato (No.) (mins.) Rhythm (mins.) 

A. Control Hearts After Previous Exposure to Digitalis Glycoside {0.001 Mg. per Cc.) for 5 Minutes 
14 29 81 14 11 Irreg. 27 

B. Hearts After Previous Exposure to KCl {126 Mg. %) for 6 Minutes and Then to Digitalis 
Glycoside {0.001 Mg. per Cc.) for 6 Minutes 

21 30 90 11 23 Reg. 55 

C. Hearts After Previous Exposure to KCl {125 Mg. %) and to Digitalis Glycoside {0.001 Mg. per Cc.) 

Together for 5 Minutes 

16 31 87 9 28 Reg, Over 60 

D. Hearts After Previous Exposure to Digitalis Glycoside {0.001 Mg. per Cc.) for'6 Minutes and 

Then to KCl {125 Mg. %) for 6 Minutes 

31 90 11 34 Reg. Over 60 

* Equals the diameter in mm. of the vascular sinus surrounding the embryo. 


studies had shown that the same concen- 
tration of KCl would prevent completely 
the cardiac effects of smaller amounts of 
glycoside (e. g., 0.00001 mg. per cc.). 
When these results were compared to 
those obtained in hearts exposed to the 
same amount of glycoside in ordinary 
Tyrodc’s solution, it became obAnous (com- 
pare Table 1, J34 ^nd 5) that the glycoside 
had been inhibited by the excess potas- 
sium. At higher concentrations of KCl 
in Tyrode’s solution, the action of glyco- 
side was even more retarded (see Table 1, 
P6, 7 and S), as judged by the absence 
of increased rate of beating, A-V block 

and the prolongation of the duration of 
beating. 


to inhibit digitalis even at rapid rates of 
heart beating as was shown by the follow- 
ing experiment. Fourteen control hearts 
were placed for 5 minutes in normal 
Tyrode’s solution containing 0.001 mg. of 
glycoside per cc., and then transferred to 
pure Tyrode’s solution. Hearts so treated 
(see Table 2, A) exhibited A-V block 
11 minutes after being placed in the second 
solution and ceased after 27 minutes. 
When 16 hearts were exposed for the same 
amount of time to the same amount of 
glycoside in TjTode’s solution containing 
125 mg. per 100 cc. of KCl, the hearts 
beat as rapidly as the control hearts (see 
Table 2, C) when they were transferred 
to the second TjTode’s solution. Never- 
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theless, only 9 of them (56%) exhibited 
A-V block and then only after an average 
period of 2S minutes. Moreover, all of 
these hearts continued to beat for over 
60 minutes. These results allowed little 
doubt that the inhibition of digitalis gly- 
coside effected by excess potassium was 
certainly not due exclusively to the latter’s 
ability to depress the rate of beating. 

Further studies indicated that potas- 
sium was able to inhibit the action of 
digitalis glycoside regardless of whether 
the heart was exposed to excess potassium 
before or after its contact with digitalis 
glycoside. Thus when 21 hearts were 
immersed for. 5 minutes in Tyrode’s solu- 
tion containing 125 mg. per 100 cc. of 
KCl and then transferred for 5 minutes 
to a solution containing 0.001 mg. of gly- 
coside per cc. (see Table 2, B), only 11 
(52%) exhibited A-V block when trans- 
ferred again to normal Tyrode’s solution. 
"When these results were compared to those 
obtained on the control hearts (compare 
Table 2, A, B), it can be seen that pre- 
liminary administration of KCI protected 
the hearts against digitalis. Likewise, 
when 15 hearts were first placed for 
5 minutes in TjTode’s solution containing 
0.001 mg. of glycoside per cc., then trans- 
ferred to TjTode’s solution containing 
125 mg. per 100 cc. of KCl for 5 minutes, 
and finally transferred to normal T\Tode’s 
solution (see Table 2, D), only 11 of the 
15 hearts (73%) exhibited A-V block after 
an average period of 34 minutes. More- 
over, these hearts beat for over 60 minutes. 

3. The Effect of Digitalis Glyco- 
side Upon the Potassiuji Context of 
THE Embryonic He.\rt. (a) Toxic Con- 
centration of GhjeoAde {0.001 Mg. per Cc.). 
Nineteen hearts were immersed in T^Todc’s 
solution containing 0.001 mg. of glycoside 
per cc. Each of these hearts promptly 
increased their rate of contractions, ex- 
hibited A-V block within 11 minutes and 
ce.ased beating after an average period of 
22 minutes. After they had ceased to 
heat, they were transferred to T.vrodc's 
solution containing 125 mg. per 100 cc. 
of KCl. Appro.ximatcly 12 minutes after 


this transfer, each of the hearts began to 
beat again and continued to do so for over 
45 minutes although the rate of beating 
averaged only 30 beats per minute (appar- 
ently due to the high KCI concentration). 
How'ever, A-V block appeared as soon as 
the hearts began to contract again and it 
never disappeared despite the duration of 
beating. Tlius, although a high concen- 
tration of KCl was able to initiate beating 
in a heart stopped by a toxic amount of 
glycoside, it was not able to abolish the 
A-V block. 

(6) Therapeutic Concentration of Glyco- 
side {0.00001 Mg. per Cc.). In order to 
determine the possible effect of a minute 
amount of glycoside (which previous stud- 
ies*^ had shown ineffective in hastening 
the cessation of beating of embryonic 
hearts) upon the potassium content of 
the hearts, 10 control hearts beating in 
normal T^Tode’s solution and 23 hearts 
beating in Tyrode’s solution containing 
0.00001 mg. of glycoside per cc. were ob- 
served until all of them ceased beating. 

It was found that whereas none of the 
control hearts exhibited A-V block, 15 of 
the 23 hearts exposed to glycoside, ex- 
hibited A-V block after an average period 
of 56 minutes. The control hearts finally 
ceased beating after an average period of 
1S4 minut^. Hearts exposed to glycoside 
ceased beating after an average period of 
190 minutes. Transfer of both the con- 
trol hearts and those exposed to glycoside 
to TjTode’s solution containing 125 mg. 
per 100 cc. of KCl was not followed by a 
resumption of beating in any heart of 
either series. These findings suggested 
strongly that, although the amount of 
glycoside used was able to produce A-V 
block in hearts exposed to it, it did not 
appear to lead to a significantly greater 
loss of potassium from tlicsc same hearts, 
as judged by the duration of beating. 

In a previous section it was found that 
hearts beating in Tyrodc’s solution with- 
out potassium usually exhibited A-V 
block and ceased beating after an average 
period of 29 minutes. Tlicse abnormal 
cardiodvmamics supprjscdly were due to a 
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gradual loss of KCl from the embryonic 
hearts. Furthermore, it was pointed out 
that the behavior of these hearts in such 
a solution was qualitatively different 
from hearts exposed to glycoside. In 
order to investigate this further, 10 hearts 
were exposed to a therapeutic amount of 
glycoside (0.00001 mg. per cc.) in Tyrode’s 
solution containing no KCl. If small 
amounts of glycoside acted to withdraw 
potassium from the heart, these latter 
hearts should cease much sooner than 
hearts immersed in Tyrode’s solution 
which was of normal character except for 
the complete absence of KCl. However, 
it was found that the 10 hearts exposed 
to glycoside in Tyrode’s vdthout KCl 
continued to beat for an average period 
of 30 minutes. Y^hen this duration of 
beating was compared vdth that of hearts 
beating in Tyrode’s without KCl (see 
Table 1, .41), it was found that there was 
no significant difference. This finding 
further confirmed the above observation, 
that an amount of glycoside (0.00001 mg. 
per cc.) which could produce A-V block 
probably did not withdraw potassium from 
the embryonic duck heart. 

Discussion. The preceding observations 
strongly suggested that much of the con- 
fusion concerning the relationship of potas- 
sium and digitalis might be due to over- 
looking the fact that potassium, regard- 
less of the presence or absence of digi- 
talis, acts as a cardiac depressant. Thus, 
Wiggers d alY clearly showed that the 
ventricular fibrillation sometimes occur- 
ring in dogs during operative procedure 
could be abolished bj' the coronary perfu- 
sion of potassium. Likcftise, Sampson 
and iVndersorf^ showed that the adminis- 
tration of potassium to patients suffering 
from cardiac arrhytlimias frequently led 
to tlie elimination of the latter regardless 
of the cause of the arrhjdlimia. Castle- 
den* in confirming the findings of Sampson 
and Anderson also pointed out that e.xtra- 
systolcs occurring spontaneously or after 
insidin hypoglycemia in patients who had 
not revived digitalis might disappear after 
{wtassium administration. In om: studies. 


regardless of whether A-V block was 
initiated by an elevation of temperature 
or by the administration of digitalis gljmo- 
side, it was inhibited in its onset by excess 
potassium. Furthermore, excess potas- 
sium was able to inhibit the A-V block 
produced by a quantity of glycoside which 
in itself was found incapable of causing a 
withdrawal of potassium from the heart. 
These facts suggested that excess potas- 
sium was able to inhibit the effect of 
digitalis glycoside in part at least because 
of its own intrinsic power to depress the 
irritability of the heart. However, excess 
potassium also was found to inhibit the 
effects of large amounts of digitalis glyco- 
side in a specific manner, presumably by 
supplying the heart with potassium when 
the latter was losing its own because of 
the toxic effect of digitalis glycoside. 
This last observation was essentially in 
accord with the experimental findings of 
Hagen,® and Wedd,^® and in part with 
those of Wood and Moe'^ who also found 
that toxic amounts of digitalis caused the 
heart to lose potassium. The observation 
also might explain the abolition of arrhyth- 
mias in overdigitalized patients after the 
administration of potassium.'® 

Thus it appears that the potassium ion 
is able to inhibit the actions of digitalis 
upon the heart by: (1) itself depressing the 
irritability of the heart, and (2) offsetting 
the loss of potassium from the heart which 
occurs whenever the latter is exposed to 
large or toxic amounts of digitalis. 

Summary. 1. The effects of different 
concentrations of potassium upon the nor- 
mal embryonic duck heart were studied. 
It was found that the absence of potassium 
led to arrhythmias and early cessation of 
beating. Excess potassium conversely, 
depressed heart action. 

2. The absence of potassium was found 
to enhance the effects of a digitalis glyco- 
side (Lanatoside C), whereas an excess of 
potassium inhibited the actions of the 
same drug. 

3. Only large or toxic amounts of digi- 
talis glycoside were found to cause a 
probable loss of potassium from the heart. 
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Within the past few years a number of 
reports have appeared in the medical 
literature regarding the harmful effects of 
prolonged administration of large amounts 
of irradiated ergosterol. Such effects have 
been reported mainly in patients suffering 
from rheumatoid arthritis. The toxic 
reactions are reported to be either acute or 
chronic. The acute reactions consist of 
nausea, vomiting, abdominal pain, 
anorexia and diarrhea, all of which 
promptly disappear when vitamin D is 
withdrawal. The chronic symptoms are 
usually those related to the presence of 
metastatic calcifications and appear sec- 
ondarily to hypercalcemia. 

The symptoms of acute toxicity from 
vitamin D appear quite early in the course 
of therapy, and seem to be influenced by 
the amount of Aatamin D and calcium 
ingested.®-*^ There also seems to be 
considerable individual variation among 
patients regarding the amount required 
to produce intoxication.'^ It has been 
indicated by Lewis'® that vitamin D given 
in milk may have ten times the potency 
of that gi\ en in oil. Bauer® has suggested 
that the luck of toxicity reported by some 
observers following the administration of 
large doses of ergosterol may be accounted 
for on this basis. Tumulty and Howard®® 
rejiort 2 pjitients in whom gastro-intestinal 
■ symptoms appeared about 2 weeks follow- 
ing the daily ingestion of 750,000 inter- 
national units of irradiated ergosterol. 
In a patient reported by Freeman, li 
.symptoms of acute toxicity appeared after 


taking approximately 300,000 interna- 
tional units for a period pf 6 weeks. 

Diminution in renal function is fre- 
quently observed following the excessive 
ingestion of vitamin D. Patients with 
normal renal function prior to taking 
idtamin D have shown albuminuria, 
hematuria, and retention of non-protein 
nitrogen components after receiving large 
doses for a prolonged period of time.’’®-"'®® 
Steck, ef indicate that the kidney is 
exceptionally vulnerable to the action of 
xdtamin D, and that diminution in renal 
function might be regarded as a contra- 
indication to administering large amounts 
of this vitamin. 

Calcification of soft tissues may also 
appear followdng the prolonged adminis- 
tration of \atamin D. These may be 
detected clinically as localized, painful 
sivellings around the joints,®-" or as radio- 
graphically opaque areas in muscles, blood- 
vessels, kidney, and tendon attachments. 
It has been demonstrated repeatedly that 
experimental animals can be killed by 
administering large doses of irradiated 
steroids and that the outstanding patho- 
logical finding in these animals is diffuse 
metastatic calcification involving especi- 
ally the arterial system and the kidneys. 
Mulligan" and Bauer® both reported cases 
showing metastatic calcification follow- 
ing the prolonged administration of \ita- 
min D. These cases at autopsy disclosed 
microscopic calcification in the endo- 
cardium. arteries, kidneys, lungs, tendons, 
dura and subcutaneous tissues. According 
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to Steck, et the subcutaneous tissue 
calcification in some patients may disap- 
pear after discontinuing the administra- 
tion of vitamin D. Shelling and Asher*’ 
indicate that the metastatic calcifications 
in the tissues are apt to develop at sites of 
local injury. 

The literature pertaining to vitamin D 
and its relation to calcium and phosphorus 
metabolism in experimental animals is ex- 
tensive; that on human subjects is more 
limited. Dreyer and Reed® found the con- 
centration of serum calcium to be greatly 
increased in humans receiving large doses 
of \itamin D; on the other hand, Wyatt 
and his colleagues’* reported only slight 
increases. It would appear that perhaps 
other factors, in addition to \dtamin D, 
may be responsible for the development 
of the increased concentration of serum 
calcium. Bauer’ has called attention to 
great indi\ddual variations from patient 
to patient in the dose required to produce 
deleterious effects. Several investiga- 
tors®-*’ have shown that the degree of 
hj-percalcemia produced by irradiated 
ergosterol is to an extent dependent upon 
the amount of calcium ingested. It is 
noteworthy that many of the patients who 
showed undesirable effects following ad- 
ministration of A-itamin D, had in addition, 
received abnormally large amounts of 
calcium.’-®-" 

Case Report. The patient was admitted 
to the medical wards of the Hospital of (he 
University of Pennsylvania on .Januarj- 3, 
1946. Five years prior to admission she 
first noticed arthritic pains primarily in her 
hands but also invoh-ing her shoulders, 
elbows, and knees. At this time her phy- 
sician Iwgan treatment with a proprietary' 
brand of vitamin D.* She continued t.aking 
this preparation for a period of 3J years, 
taking an average dose of 21 capsules daily 
(12.5,000 units).! questioning if 

was estimated that our patient took approx- 
imatelv 4 capsules (200.000 unit.*) daily for 


for the second year, 2 capsules (100,000 units) 
daily for the third year, and 1 capsule 
(60,000 units) daily for the remaining 6 
months. All medication had been stopped 8 
months prior to admission. 

One and one-half years before admission 
she first noted pain in the region of the left 
sacro-iliac joint and left ischial tuberosity 
which radiated dou-n the left leg along the 
distribution of the sciatic nerve. Several 
weeks before admission she developed severe 
pain about the right knee located especiallj- 
over several nodules that had developed in 
this area. She had lost 20 pounds in weight 
during the year preceding admission. The 
past medical, family and social histories were 
not contributorj'. 

Ph 3 ’sical examination revealed a thin, 
apprehensive, asthenic, elderly woman. 
Blood pressure was 140/90 mm. of Hg. 
Examination of the heart and lungs revealed 
no lesions. The liver was palpable 2 to 3 cm. 
below the right costal margin. The left 
iliac crest was abnormally prominent and 
irregularly nodular. Exquisite pain could be 
elicited by pressure over the left sacro- 
iliac joint and over the left ischial tuberositj-. 
There was limitation of motion at the left 
hip owing to pain. Marked tender hj-per- 
ostosis with many- exostoses were found at 
the ends of both bones forming the knee 
joints. Over the distal intcrphalangeal joint 
of the loft thumb there was a soft ti.-ssuc 
.swelling in which could be felt several hard 
freclj’ movable bodies. All the intcri)linl- 
angcal joints and metacarimplinlnngcal 
joints showed bonj- enlargement with .koiiic 
limitation in flexion. 

External examination of the e.ves disclosed 
equal fi.=surcs, clear lidsand good lid function. 
Ocular tension wa.s regarded ns normal. 
Pupils were regular and reacted to light 
and near stimuli. Ocular movements, both 
dj'.sjunctive and conjugate, were full. The 
conjunctivae were clear excejd in the fis.'-tiral 
are.as clo.=e to the corneas both on the na.s.-il 
and temporal sides, i'cveral fleck.s of hi-ghly 
reflecting, irregular, .solid material were -een 
in this area which were not foamlike and 
were definitoK- calc.areou.s to foiieh. ('nder- 
lying these depeif- ivere areas of ‘'flesh 
colored " dcjyj-itions .approximately tri- 

">!pctrira!ly arti-. at<-! •• .ai/oorn! j-rt- 


the first x'car, 3 capsule.* (1.50,000 unit.*) daily 


• Ertrrm. which according to the niar.uf.ar-i!ri.r 
pared by the Whittier procers." 

f Accordiag to the tnar.ufatturcr "each cap-ale of Ertror. rontnir.- 
hsriss a poter.cy of r.et Ic«a than 50,000 V. S. P. unit.« of -.-i'e.min V." 


rrr. -.f s'aivatiV.r.-pro/Jf.'r;. 
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PilOLONGED 


HYPEKCALCEMIA. 


following the use of vitamin D 


angular in shape, which were stony hard 
when scraped. On both the nasal and 
temporal sides of each cornea, in the nssural 
zone were areas of irregular, superficial, 
white, granulhr opacities. (Figure 1.) 

By slit lamps these opacities were found 
to be in the superficial part of the cornea 


between the epithelium and the most an- 
terior stroma. These opacities seemed to be 
spreading toward the center of the cornea. 
The lens showed large spokes and spicules 


in the cortical area. 


per 100 ml. Only 20% of phenolsulphone- 
phthalein was excreted in 45 minutes. 

Roentgen examinations of the bones 
revealed degenerative arthritic changes of 
both knees, hypertrophic changes in the 
lumbar spine and lumbosacral joint, asym- 
metry of the pelvis with demineralization, 
and some calcification of the blood-vessels 
posterior to the femur. An intravenous 
urogram revealed marked diminution in the 
excretion of neo-iopax by both kidneys. No 
structural abnormalities of the kidneys were 
noted. 



Fig. 1. Calcareous infiltration into conjunctiva and cornea. 


LABOR.\TonY Studies. The blood count 
revealed 3.6 million erythrocytes per cmm.; 
6000 leukocytes per cmm., and a normal 
differential count. The hemoglobin con- 
centration was 10.9 gm. per 100 ml.; fasting 
blood sugar, 73 mg. jier 100 ml.; blood urea 
nitrogen, 28 mg. per 100 ml.; total serum 
protein, 6.3 gra. per 100 ml,; serum albumin, 
4.3 gm. per 100 ml.; and serum globulin, 
2 gm. per 100 ml. The concentration of 
serum calcium was 12.8 rag. per 100 ml.; 
serum alkaline phosphatase, 5.5 units (Shino- 
wara, Jones .and Reinhart); serum choles- 
terol, 295 mg. per 100 ml. Serological tests 
for syphilis were negative. Spinal fluid 
e.xamination, including cells, protein, sero- 
logical and colloidal gold tests, were not 
remarkable. The semi-quantitative SuUta- 
witch test for the estimation of calcium in 
the urine yielded n})proximately 200 mg. 


Calcium Balance Measurements. 
Measurements of the calcium balance were 
undertaken on our patient following the plan 
described by Bauer and Aub.^ The analysis 
of samples of a hashed daily diet yielded 160 
mg. of calcium and 768 mg. of phosphorus. 
Sufficient calcium lactate was given orally 
so that the total calcium ingested amounted 
to 1 gm. daily. After the patient had been 
placed on this regimen for one week to 
permit adjustment, collections were obtained 
for analj''sis. • The period of study was 
di\Tded into periods of 3 days, during which 
all urine and feces were collected and pooled 
separately. The limit of each 3-day period 
for the collection of feces vras determined 
by the appearance of carmine in the stool. 
Samples of serum from venous blood were 
collected at the beginning of each 3-day 
period and at the end of the study. The 
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amount of calcium contained in each pooled 
specimen of urine and feces was obtained by 
the method of Shohl and Pedlej'*® and the 
amount of the inorganic phosphorus of these 
specimens, by the method of Tisdall “ 
Methods for the analysis of the serum com- 
ponents are the same as those previously 
reported.^i 


continuing vitamin D, the concentration 
of serum calcium had returned to within 
the normal range of values. All other con- 
centrations of serum electrolytes were 
mthin normal limits excepting serum mag- 
nesium which was decreased initially, at 
the time when the serum calcium was 


Table 1. — Calcium Balance Studies 



Ca food 

Ca lactate 

Total 

Calcium 

Total 


Percent 

Periods 

(3-day) 

intake 


as 


Ca 

output 

Ca 

Catciurn 

total Ca 

YXtvr r\n*>ar>H 


intake. 



output, 

balance. 

cxereteti 







rag. 


mg. 


gm. 

Urine 

Feces 

gm. 

gm. 

in urine 

I 

424 


2571 


2.995 

0 42S 

2.375 

2 803 

-fO 192 

15 

II 

580 


2571 


3 151 

. 0 3SS 

3 200 

3 588 

-0.437 

11 

III 

49S 


2571 


.3.069 

0.3S1 

3,675 

4 050 

-0 9S7 

9 







Total 


-1 232 


!%'■ 

29S 


0 


0.29S 

0 33S 

0.144 

0 479 

-0 181 

81 





Table 2.— 
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ti 

«. 

5^ 

C L. 

.|E1 

c 

tr'r 

£f 

O 

6 _• 

6 = 

-it’s ei ^ 

C C o E 

-O £ ?o 
-fS -sSS 

eA O 0-, 

,0 *E 

^ C 

- = 

u £ 


o2 

ofc 
r* c 

ai§ 

= W 

s J « 

U 5 

II III 

o S .Si t£ 

j-" s cn £ 

to r, = 

S ei 


Jan. 6 


14 3 


4.3 

, . 

0.8 

294 28 

, , 

73 .Vlk. 

phosphn- 










fn.se 5. 

3 units 

Jan. IS 

. , 

13.4 

l.G 

4.1 


C.S 

29 


. . Scrum 

albumin 










4.3 gm /lOO ml. 










Scrum 

Klobiilin 
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Jan. 4 


12,7 









Mar. 21 
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12.1 

1 .9 

4.1 

101.7 

50 0 .5 

20 

4.2 



May 11 

150.0 

10.9 

1.9 

4.2 

101.9 

. . 5 8 

278 33 
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142,0 

9.0 
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3 2 

9S 5 

00 5 9 

150 .S 

2 0 
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149 0 

U .0 

2 2 

4.3 

104.5 

71 7 0 

190 15 

1 0 

100 



Results. Tlie results of the calcium 
balance studies arc given in Talilc 1. It 
will be seen that excepting for Period I, 
in spite of an adequate calcium intake, our 
patient w!Ls in negative calcium lialancc. 
On an adequate intake of calcium 9 to 1 ')% 
of the calcium ingested was excreted in 
the urine. On a low intake of calcium 
(Period IV) the fecal calcium decreased to 
0.144 gin. and S19i. of the total calcium 
was excreted in the urine. 

The result.s of estimation- of the .«enun 
components are given in Table 2. The 
concentration of the scrum calcium was 
elevated on admission to the hospital and 
reinaim-d increase<i ihiring the following 
11 weeks, although vitamin I) therapy hai! 
la-en stopjied S to 1 1 months previously. 
On reexamination lo months after di-- 


increased. The concentration of hlood 
urea nitrogen, which was elevated at the 
time of admission, was foiintl to he higher 
on reexamination. 

Discussion. It would ajipcar from tlie.se 
studies that the patient proliahly .siilfered 
from the prolonged nnsuporvised afimin- 
istration of vitamin D. Massive <lo-cs of 
vitamin 1) have lieen used in the treat- 
ment of arthritis during (hi; p:ist dcc:ide_ 
and the elinieal rejiorts, until recently, 
liave implied that such administration 
proilnced no harmful elfcets. The studies 
of Danowski, IVinkicr and Peters,* how- 
ever, indicated that this wa.- not neei--- 
.s.'irily the ca-e and eallei! attention to 2 
[lutient.- who had rw-eived vitamin I) for 
the treatment of arthritis and v.ho <- 
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the administration of vitamin 
Likevdse abnormality in the calcium and 
phosphorus balance of patients with 
arthritis has not been demonstrated.^ 
If there are any favorable effects of \dtamin 
D in arthritis it would appear that they are 
probably unrelated to the metabolism of 
either calcium or phosphorus. 

Summary. Studies of calcium metabolism 
are reported in an individual suffering from 
rheumatoid arthritis W'ho had received 
large amounts of vitamin D for a period of 


42 months. Although vitamin D had been 
discontinued 8 months prewously, hj'per- 
calcemia persisted and on a low intake of 
calcium, a relati\'ely high e.xcretion of 
calcium \vas maintained in the urine. In 
addition, there w^as e^^dence of diminution 
of renal function. Calcium deposits into 
the sclera and cornea were prominent 
features. Our studies support the view' 
that the administration of large doses of 
vitamin D may have a prolonged effect 
lasting over a period of months. 
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Since tlie early descriptions of tularemia 
between 1910 and 1920, many remedies 
have been used, including sulfonamides 
and penicillin. Until 1944 only 2 prepara- 
tions had been classed as effective treat- 
ment; the antitularense serum, advocated 
by Foshay,^ and bismuth sodium tartrate 
intravenously, advocated by Jackson.^ In 
1944, Heilman* published data on the 
treatment of experimental tularemia show- 
ing that mice could be protected from a 
lethal dose of Pasteurella tularcmis by the 
subcutaneous administration of strepto- 
mycin. Since that publication, several 
investigators have reported the effective- 
ness of streptomycin in the treatment of 
this disease.^’® 

This study reports favorable effects of 
streptomycin in the treatment of 5 pa- 
tients with tularemia. In each case, the 
handling of wild rabbits was the source of 
infection. The 2 patients with the ty- 
phoidal type of tlie disease and 1 of the 3 
ulceroglandular type were critically ill on 
admission. 

Method of Treatment. The streptomycin, 
dissolved in normal saline, was given intra- 
muscularly everj' 3 hours. In 2 cases the 
daily dose was 400 mg. In the other cases 
800 mg. per day were administered. 

Case Reports. Case 1. S. S., a 59 year 
old obese housewife, began to have symp- 
toms within 24 hours after she accidentally 
stuck a bone of a wild rabbit into her right 
thumb. These symptoms consisted of nau- 
sea, vomiting, chills and fever and extreme 
somnolence. She was admitted to the hospi- 
tal 4 days after onset of sxunptoms. The 
findings at this time showed an elderly 


woman acutely ill. Temperature 103.8° F. 
The only other significant findings were the 
ulcerative lesion on the thumb, markedly 
tender enlarged axillary nodes on the same 
side, and smaller epitrocblear nodes. 

The patient was given a total of 500,000 
units of penicillin intramuscularly during 
the first 3 days of hospitalization with no 
evidence of improvement. Streptomycin 
was started on the 5th hospital day, 0.4 gm. 
daily for 18 successive days, making a total 
of 7.2 gm. 

She noted marked subjective improvement 
on the 2nd day of streptomycin therapy. 
The recoverj’- was rapid; there was rapid 
decrease in the pain of the axillary nodes 
and a gradual reduction of the nodes to 
normal size by the 23rd hospital day, when 
she was discharged. No subsequent lymph- 
adenopathy occurred. The agglutination 
titer for tularemia Avas negative for the first 
8 days of the disease. Although the strepto- 
mycin was started during this negative per- 
iod, the agglutination titer gradually increas- 
ed, reaching a peak of 1 :2560 on the 28th 
day of the disease. The patient’s subse- 
quent course has been uneventful. Figure 1 
summarizes certain features of the clinical 
course. 

Case 2. W. J., a 28 year old butcher, 
punctured his left middle finger with a rab- 
bit bone 2 weeks before the onset of weak- 
ness, anorexia, malaise and general muscular 
aches. He was admitted to the hospital 
during the 3rd week of disease, not acutely 
ill. The clinical findings indicated an ulcero- 
glandular tj-pe of tularemia. An axillarj^ 
node was enlarged (3 by 2 cm.), tender but 
non-fluctuant. Treatment consisted of strep- 
tomycin, 0.8 gm. daily for 4 days and 0.4 cm 
for 3 days. ’ 

The fever subsided rapidly; there 


was 
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rapid healing of the primarj' lesion and the 
axillarj' node had decreased to less than 
1 cm. in diameter by the 17th hospital day. 
He was discharged to be followed in the clinic. 

The patient was seen again IS days after 
discharge. At this time there was a large 
fluctuant mass at the site of the pre^^ous 
lymphadenopathj'. The leukocyte count was 
13,400, although the temperature was nor- 
mal. Aspiration jdelded 40 cc. of grajdsh 
bronm pus. The patient was again given 
streptomycin, 1.2 gm. dailj’. Animal in- 
oculations and cultures were done on the 
pus with negative results. Eight da 3 's later. 


and slight nuchal rigidity. Available historj* 
indicated sudden onset of headache, fever, 
low back pain of 4 days duration. The ex- 
amination showed the patient critically ill, 
dullness and rdles were present at the right 
base but no lymphadenopath}' nor ulcera- 
tions were present. The lumbar puncture 
showed a pressure of 220 nun. of water but 
the cell count was normal. During the first 
3 daj's she was treated with penicillin and 
sa!ie 3 dates without improvement. The tem- 
perature reached 106® F. on the 3rd hospital 
daj'. At this time streptom 3 ’cin was started 
empirical^', 100 mg. ever 3 ^ 3 hours. 



3.5 cc. of .similar pus wore removed from the 
same site and this time 50 me. of .strepto- 
mycin in .s.-jline w.a.s injected into node. Tlie 
node diminished in .si/e and bec.ame indu- 
rated and the p.aticnt was ncain di.=ch.nrced 
on the 20th hnspit.al d.a.v. Twelve day.s later 
the node h.ad aeain enlargfxl and was fluetii- 
.ant. It niptured sf^mt-aneoii-lv. .Mthouch 
the node dr.nined for a n'n.siderable jK-riod. 
i-onv.ale.-eenre w.as otherwi-e uneventful 
ll'i;:. 2). The initial acclutin.ation. taken in 
the 3ri! week of the di-e.ase, v,n- jjodtive 
l;l2.''n. .kt t!o tiii'.e did tie' titer exce-ed 
that dilution. 

Osf." .3. .A. AV., .a 4S yrar old h"U-ev.-ife. 
was .adrnittfs! to the ),osp;t.al in a .-tate i.f 
dehriun!. .a:;'! v. ith temperature 10.5.*', ■ I, 


On the 2nd dav' of .sfrepfom 3 -cin therapy 
the tcrn!>erat(irc drnpjyed to 00.6° F., at 
which time the delirium cleared. During 
the sticceeding 14 (l.ax's of .sfreptomx'cin 
thernpx’, all sx'iuptom.s exeept slight weak- 
ness ili.sapjyared hut the fever continued 
to fluctuate. On the Ifitli flav of strepto- 
iin'cin ther.apN’ the {yssihilitx- of .streptorru’- 
cin fever w.a- considere<l and tiie flmg was 
discontinue<i for 0 ftyv.s. .^'iriee the fever 
eo'itimK<F during thi- 0 d.-u" inter.'nl, .“-Iref^* 
tomx-ein v.as .-t.arted avain, '/) rmr. everx' 
.3 iiours iritrarnu-njl.irlv, witfmitt st'/nific.ant 
eflf-rt o;t the fever (Fia. .3). 

The acchitinati'in for tul.arerni.a taken on 
ri<imisd<ui v..a- j^j-itive only in 1 ;-'0 flilution. 
After trie d'diriurn h.ad chare'!, a lii-tory of 
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handling wild rabbits was obtained, so addi- 
tional agglutination tests were made. At 
this time a diagnosis of typhoidal tularemia 
with pneumonitis was made. On the 22nd 
day of the disease the titer was positive, 
1:5120. In spite of a continued low grade 
fever, the patient remained symptom free, 
and was discharged at her request with rec- 


tal temperature of 100° F. On subsequent 
visits she remained symptom free, but 
several weeks elapsed before the temperature 
became normal. 

Case 4. S. H., a 34 year old butcher, 
had been dressing wild rabbits daily for a 2 
week period prior to the onset of symptoms. 

His initial symptoms were chills and fever 





Stroptoinyc'in inlriiimi.sciilnrly \v(is Ntnrfod 
on tiu! 2iw! Iuis|)i(ul (Jny, oO in^. cviTy 8 hours 
for 2J dnys, nt wliioli tinu* tiio dose; was iti- 
cronsod to ]()() iiik. every S hours I) 0 cause 
of the increasing: delirium. In view of the 
nlcoliolic history the po.'.-sihility of delirimn 
treinon.s was eoirsidered and tiic p.atient was 
started on thiamin chloride, 200 mg. it\trn- 
muscularly (ivery 0 liours. 

Within 2 day.s tlic delirium, wa.s mncii 
improved. 'I’hc patient's cour.se was un- 
eventful exccjit on 2 occasions when the 
temperature ijccame elevated while, the 
streptomycin was being given. In each in- 
stance the Icmpernturo tlroppcd to normal 
with penicillin therapy (Fig. •]). 


of !) weeks hut none of these physicians sus- 
pecte<I the correct diagnosi.s. Daring this: 
!) week ))eriotl .«lie continued to have low- 
grade fever and occasional chill.s ami severe 
headache. At the time of admission the pri- 
mary le.sion on tlic left thumb was still 
rdeerated and there was a mass of enlarged 
node.s in the left axilla which was exquisitely 
lender and di.stincfly fluctuant. In addition 
there wore .several lymphangitic nodules on 
the flexor .surface of the left forearm. The 
ndmi.<wion temperature was 09° F., the Icu- 
kocj’tos 10,500. The patient was SJ months 
pregnant. 

Wo decided to see whether the mass of axill- 
ary nodo,s could be resoh'cd by s.vstcmic and 
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local streptomycin therapy without surgical 
drainage. She was given 100 mg. of strepto- 
mycin intramuscularly every 3 hours. On 
the 6th day of therapy, 100 mg. of strepto- 
mycin was injected directly into the node 
after aspiration of 300 cc. of pus. This pro- 
cedure was repeated 3 times during the next 
7 days, until we were convinced that no 
improvement was to be expected. At this 
time surgical drainage was instituted. The 
drainage continued for a short period but 
gradually disappeared as the surgical wound 
healed in several weeks. The lymphangitic 
nodules showed rapid healing, never reach- 
ing a stage of suppuration. The initial ag- 
glutination was positive, 1:1280, and con- 


critically ill patients. One of the 2 pa- 
tients with delirium showed complete 
clearing of the mental state within 36 
hours after the streptomycin was started. 
The delirium in the 2nd patient was com- 
plicated by delirium tremens, but also 
showed rapid clearing with a combination 
of parenteral vitamins and streptomycin. 
The severe headache and somnolence in 
the 3rd patient cleared at the end of 
24 hours of streptomycin therapy. These 
results indicate the immediate beneficial 
effects on the acute toxic manifestations 
of the disease. This effect will probably 



tinued the same throughout her illness 
(Fig. 5). After 3 weeks of streptomycin 
therapy the patient developed symptoms of 
a threatening abortion, which failed to re- 
spond to obstetrical therap}". Examination 
of the fetus and placenta by the pathologist 
showed no pathologic changes which could 
bo attributed to strei)tomyciu or tularemia. 
Experience with this patient gave convinc- 
ing evidence that local and systemic strepto- 
mycin therapy without surgical drainage 
was not the treatment of choice when tula- 
remic lymphadenitis had reached the stage 
of suppuration. 

Discussion. The beneficial effect of 
streptomycin w.-is most striking in the 3 

voi.. CH, xo. C— prcKirPEn. 1P4T 


prove most valuable, since a good percen- 
tage of those patients who succumb to 
the disease do so in a severe state of tox- 
icity by the end of the 2nd week. 

Another feature Avhich has shown a 
constantly favorable course has been 
the healing time of the primary lesion. 
In the 3 cases with primary lesions, heal- 
ing was complete at the end of 10 to 
15 days after streptomycin was started, 
in contrast to the usual average of 39 days.^ 

The response of the lymphadenopathy 
to streptomycin therapy was the most 
variable feature in this group of patients. 
In the 1st patient whose nodes were 
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The role which the liver plays in renal 
sulfonamide complications is emphasized 
by the frequency of such developments in 
chronic hepatic diseases and in instances 
of sulfonamide hepatic injury. In a 
previous report^^ fourteen cases of renal 
sulfonamide complications were described 
and the hepato-renal relationship was 
referred to. Since that time 5 additional 
fatal sulfonamide complications have been 
studied making a total of nineteen. In 
this series of 19 cases there are 7 with 
marked hepatic morphologic change; 2 
Mth portal cirrhosis, 1 Mth cholangitic 
abscesses, 1 with advanced fatty meta- 
morphosis of the liver but with minor 
sulfonamide damage (not included in 
this report) and 3 which suffered serious 
liver change induced by the sulfonamide 
drug. These 7 cases represent only the 
non-obstructive renal complications which 
were directly or indirectly the cause of 
death; therefore, 37 % of the cases studied 
have a background of liver damage either 
independent or the result of sulfonamide 
therapy. If 3 fatal obstructive cases are 
included with the above, the incidence is 
53%; however, in the obstructive cases 
the morphologic changes in the liver were 
rather meager and therefore these are not 
included in the tabulations of this report 
even though there was some evidence of 
functional hepatic disturbance. Similarly 
minor morphologic alterations in the liver 
and kidney and clinical complications 
which were non-fatal are not included. 

Si'lfoxamide-Liver Rel.'v.tioxship. 
Diu'c( Su^fonamidr Toxic Aciio}} oti Ihr 
hirer {Table 1). Commonly reported 
elmico-pathologic findings of liver dis- 


turbance during sulfonamide therapy in- 
clude bilirubinemia, urobilinogenuria, de- 
crease of prothrombin, depression of 
various liver function tests, alterations in 
serum colloidal gold reactions, enlarge- 
ment of the liver and hemolytic 
anemia.^ Morphologic changes 

frequently discussed are those of focal 
necrosis, fatty degeneration, coagulation 
necrosis and hepatitis.'® The reports of 
human cases and the e.vperimental data 
are quite similar; however, sulfanilamide, 
which is not important in the cause of 
hepatic damage in animals, is quite so in 
man.®^ Sulfathiazole is the most fre- 
quently encountered drug producing liver 
and renal complications. Next to it is 
sulfadiazine. 

The liver which suffers from a chronic 
nutritional disease is more commonly 
injured by sulfonamide drug. There is 
general agreement in literature relative to 
portal cirrhosis, fatty degeneration, alco- 
holism and Autamin deficiencies.®' Animal 
findings indicate the ease with which 
sulfonamides produce hepatic damage in 
e.xperimental nutritional deficiency and 
the improvement of such cases with change 
in diet and supportive treatment with 
vitamin B, pantothenic acid, folic acid, 
biotin and liver extract.® •®-® -“'3® It has 
been shovm that sulfonamides interfere 
with the storage and utilization of the 
essential \'itamins.'-®® Such interference 
may, therefore, be of serious consequence 
in individuals partially depleted of these 
necessary metabolites. The same con- 
siderations apply in the discussion of other 
injurious agents in reference to the liver." 
The problem Pf indi\-idual tissue idio- 
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rendered snsceptibic to (lie (oxic actions 
of the drug resulting in various coinjiliea- 
tions. This, of course, is particularly (rue 
in cases where there is a jircdisposing con- 
dition, such as chronic nutritional 
deficiency. Itegardlcss of the nicchanisni, 
the state of liver injury with the added 
depression of the vital functions (detoxi- 
fication) brought on by sulfonamide 
therapy immediately places an additional 
load upon -the kidneys. The burden of 
detoxification, therefore, may be trans- 


the circulatory disturbances of the in- 
ilividuiil organs, laickc'" has an cxccllcnl 
review and discussion of .such occurrences 
umler the title of “Lower Nephron 
Nephrosis.” 

StiifoiKiiiiidr JilclalioH.vit in ihc Linr 
{Ttthic i?). Tiie liver metabolism of sul- 
fonami<ie drugs has several points of con- 
sideration. The conjugation of sulfona- 
mide drug with serum protein takes place 
apparently in the liver. Combination of 
the az(> drug with protein serves ns a 
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unti tilt- t!i .iriiliitiiiii i.f tin- 
tlnu: ill llii' ittnly viirii > uilli tin- iliilt-rt-nt 
*lrt4;'n It i’t ((tiiti' in rift-n-iiff tt* 

Milfiilliiaritlr nml i- n ■ f-ith n 

«'<ittf<-iitr.itl(iii Ilf tilt’ (Ifiii; in I,iilni-y ti- .in- 
iii (’Iff.-., (if thut fiiiiitd in tin- 
mrrt-liitiin; tin- nli .cri iitiiitn tliul Milfn- 
thi:i'.'iili- i-. tilt- ifi'i l .>.-riiiii' nf tin- ilniv: in 
thi-i n-.^jn-ft. l.il.i-wi'i- in t-iuii-'. nf ili-liy* 
(initiim tln-rt- inuy In- tin- prulili-in <if 
|ir(-<-i|iitnt!tin nf tin- in iilnlilf ui vtylnti-ti 
fitrin. .\tli-<nmtf finiil inlniiiii-tratiti!! Ir.i- 
lifi-ii t-iti(| u't jirt-clinlint' tin- ftiriiiiitidn nf 
intH-ltiviiica! ri-nal oumiilit-iitinn I,il;#-- 
wi-tf tin- nniinti-nani-i- of an nlkaliin- uriin- 
in wliii-h tin- lulfiinatnitli- <tinjiiv;.itc jirti- 
(lin-t.s art- innri- miIuIiIi- |iri-\t-nt- tln- 
ot-nirn-ni-f nf inn-ltunit-a! ti!i*iriit-liiin.'---' 
It Im-- al-o lii-t-n .'-liiiwn tliat ;-iiIftinuinitii- 
ntiinjyuiinls in tin- liriin- am nnin- itiUilili- 
in t-nin-i-mratt-tl nritn- tlian tin-y an- in 
ililntt-"' .sii^tti-^tinjt that n-nal dl-i-a'-i- a--- 
snciatfd with a law ^]>t-<-i^n• >;ra\ity may 
he till’ liat-kt;rimnil far tin- ili-vciajinn-nt of 
nn-fhainVal ali>tni<-tian. 'I’In- artifn-tal 
protlnciian af an ini rt-a>t-ti .--itt-t-irn- ttravity 
of the urine hy the aihnini-<tratian af urea 
has also heen emplayetl with satisfaetory 
results,*’ In hejiatie disease (,'hienronie 
aeid jirodnetion may he impaired, iimiliuft 
eonjaftation of fthn-nronie aeid and .sul- 
fotnimides,-’ The phu-nronie aeid-,sulft>na- 
mide oomhination is a solnhle one and a 
hiph percentape of the drop may he 
excreted in thi.s form; therefon-, in c-on- 
tlitions where this eonjnpation does not 
take place ndec|uately a i)roj)ortionate 
amount of the drop wotdil he exereteil as 
the I 0 .SS .solnhle aeetylate form. 'J'he above 
points dealinp with ohstnietive eojnpliea- 
■tion .5 arc equally applieahlc to the di.scu.s- 
sion of renal injury and innammation pro- 
duced hy .sulfonamide er.vstals in the 
ahsence of blockade. 

Summary. The hepato-renal relution- 
.ship in reference to sulfonamide venal coin- 


p!ii-.»tiii!i ■■ niri'i t'i nf: fe) 'IVitii- injury to 
a prt-‘.i«iii'!y d: .-a-td !i*.i-r, f/.) Hi-jiatie 
priitcifi -.ii!fii!i!tni!d>- nn-latioli in h-ailinp to 
fiifmalion i>f h.'tpJrn antirc/i . l/'i Injury 
till tin- lii-.-i- tif hy}i« r ■'•irltivity r'-.n-tion--, 
f 'tirntati'iii Ilf ri-fativcly in-tifuiifi- 
uct-ty! *idf(in:t!iii<|i- ttimjimitid . v. hit-h h-ad 
to mt-(hani‘-:tl oh-inn-ti'in or irritaiioa 
m-idtine in iidkimtiKition anil if) impair- 
ni<-nt of phifuronii- arid .-iulfonamiiii- emi- 
jupatinn {-iiltdili-i jict-i-ntnatinp item fdj. 

Conclu-'.ion.i. 1. 'I’ht- in< !dt-tH-i- of hepiitie 
di-e.t I- le. a hai-I;;:rtiunii in n-nal sulfonn- 
mitli- eiiiiijilie.iti'iii ■ ii enipha-iyt-t! by tlu- 
pr<- i-iitt- of Tui-r tlam.'ipi- in ti l•;<.■l-. (itTfi-t 
tif tie- fata! itun-oh -tnietivi- -.ulfunamiiii- 
ni-phro-i-., I.(-'i-r h*-patii- |i*«iiiii-- wen- 
found in -1 adilitiiiiial e.-L-t-s. .'5 of tln-m with 
sn!fiin:tniii!i- lithia-i--. niakiitp a total of 
1(1 ea.-.-, f. ). 

if. Morpliiiliipii- iu-patie lesioii'' n-atiily 
ilistinpniihnlih- from the primary t!i-ea-t- 
were the only eriteria n-t-d in rejairtinp 
these ea.--i->; tin- reinaininp ea.-i-;' of sidfona- 
iniile kidm-y damape are exeliuleil lH-ean--e 
ontstandinp mnrpholopie ehanpe.-’ were 
nliM-nt am! fnnetiomd stmiies of the liver 
ineomjdete or Im-kinp. 

'J’he speeifie nature of the hepatir 
lesion is not as important as the faet of 
dilTust- liver imjiainnent and is not cor- 
related with the seriousne.ss of renal 
injury. 

•l. Liver disi-ases of nutritional ile- 
fieieneies (notahly portal cirrhosi.s) inert'a.se 
the likelihood of renal eomjdieation.s from 
sulfonamide therapy. l.ikewise, renal 
eomplieations are more frequent when the 
liver is injured hy the ailministcrcd sul- 
fonamide. 

'}. Such fiiulinps .should caution apain.st 
the unwarranted administration of sul- 
fonamide drup.s to patients with chronic 
hepatic disorders and to those mauifestinp 
hypersensitivity phenomena. 
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TOLERANCE TO INTRAVENOUSLY ADMINISTERED PROTEIN HYDROLYSATE 
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Is till' trr:itm<iit Ilf iuiniiiii li\iT ili - 
I'ii''!', piiriiciiliirly rirrlm !■., » liitrli proti-iti 
ilii'l Im.-’ lii'i'ii .shiiwn tu lie nf llu'r:ip*'iitii' 
Viiliii'."'' I’rnti'iii- liyilriily.'.ati's hnvi- 
lu’i'M pivi-n iiitruvi'Hinisly to ill patli-nt.'; 
to rt'pliKa' or .•^opplcini'iit tlu' jirotfiii which 
till' patient was ahlc to take hy month. 
T'lie (pie-slion le.is ari-en whether or not 
.such hydrolyzed proteins or amino iieid 
solntion.s are normally utilized in an indi- 
vidual with a d.'imaKed liver. It nniy he 
ar^Mied that sneh iiatient.s may fail to 
deaminize the injected amino acids as 
raindly a.s normal individuals or fail to 
synthe.size tissue protein. 

Kitamnra,*’ nsin^ injections of sinjjle 
amino acids, found in the normal rahhit 
that the jihisma a-amino nitrogen level 
returned to its orifiinal level SO to 00 min- 
utes after injection, hvit in rabbits whose 
liver had been damaged by carbon tetra- 
chloride or chloroform, the jimino nitrogen 
level was still elevated 2-1 hours after tlic 
injection. Mann and Bollman’'' found in 
dogs deprived of most of their iiepatie 
tissue that intravenous amino acids gave 
only slight elevation of the blood amino 
acid concentration and suggested tliat 
most of the excess was adsorbed into tlie 
tissues. 

Goettscii and Lyttlc” founri retention 
of amino acids after the administration of 


“amigeii” Id children with liver disciese 
and to hyjHijiroteitiemie dogs. The reten- 
tion in till- latter, they sugge.-.ted, wa.s due 
to imjiairi'd liver function. Stewart and 
Uourke'* in contrast found lu) dilTerence.s 
in plasma amino acid ermcentrations or 
amino acid e.xeretions, between jtaticnt.s 
with and without liver disea.se after the 
administration of "amigen." Bernharl 
and Sehiteider* found a diminished toler- 
jtnee to the ;idministration of -I gm. of 
tyro.xine in the jtresenee of liver disease, 
Fagiti and Zinn- treated a group of .'> pa- 
tients sulTering from cirrhosis for 1 month 
with daily injections of ilOO cc. of 
jtrotein hydrolysate solution, and noted 
decrease in both liver size and in the 
jteripheral edema. *They did not study 
blood or urine amino acid concentration. 

It might be expected that if the cirrhotic 
liver failed to metabolize injected amino 
acids ])ropcrly, one would find an incrc.ase 
in the amino acid concentration of the 
blood or a prolonged amino acidemia. A 
reduced rate of urea formation might also 
be expected, resulting in a lower blood 
urea concentration than would be encoun- 
tered in normal individuals. The present 
investigations were designed to compare 
the amino acid metabolism in normal 
individuals and in patients with cirrhosis 
of the liver, by measuring the rate of 


* T]io expenses of this investigation were defrayed in part by a grant from tlic Abbott Laboratories. 
North Chicago, Illinois, to Harvard University. 
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a-amino nitrogen removal from tire periph- 
eral blood and the rate and duration of 
the rise in urea nitrogen in a series of 
normal subjects and in patients suffering 
from severe liver disease. Additional 
studies rvere made of the nitrogen parti- 
tion of the urine of these 2 groups of 
individuals. Furthermore, in order^ to 
put the greatest possible load on the liver 
of the subjects studied, the hj'drolysate 
given was administered as rapidh"^ as pos- 
sible and in as large doses as possible. 

Clinical Material. The eight pa- 
tients suffering from sevei'e liver disease 
Avere chosen for studj-' from the wards of 
the Boston City Hospital. The clinical 
diagnosis of all 8 of these patients was 
Laennec’s cirrhosis. Seven of the 8 pa- 
tients gave a history of long-standing 
alcoholism and all of them had consumed 
diets low in protein and the B complex. 
Table 1 shoivs the clinical and laboratory 
data on which these diagnoses were based. 
Subsequently, all of these patients died 
of their disease or associated disturbances 
and anatomic diagnoses are given when- 
ever possible. 

As normal controls, 6 well-nourished 
hospital patients without evidence of liver 
disease were studied. The diagnoses in 
these cases Avere; primary syphilis, 2; 
renal colic, 1 ; old cerebrovascular accident, 
1 ; convalescent rheumatic fcA-er, 1. Treat- 
ment had been completed on these patients 
and they Avere ready for discharge at the 
time of study. 

Table 2 shoAVS the laboratory findings in 
these 5 “ normal ” p.atients. None of these 
patients had an enlarged liver, palpable 
spleen, ascites, edema, spider angiomata 
or jaundice. 

Material and Methods. The test dose of 
.nmino acids consisted of 300 cc. of a 15% 
acid hydrolysate of casein* fortified \A-ith 
trA-ptophane, diluted to oOO cc. Avith 0.85% 
sodium chloride solution. This material on 
analysis in our laboratorA- Avas found to con- 
tain 2.1 gm. of nitrogen in 100 cc., of which 
about 75% was £t-.amino nitrogen or 4.7 gm. 
of ft-amino nitrogen in the amount used. 


The test dose was injected intravenously, 
usually in exactly 1 hour, to the fasting sub- 
jects. Occasionally, due to distressing sj^mp- 
toms, it Avas necessary to take a fcAv minutes 
longer for the injection. 

In the first feiv tests made, blood samples 
Avere taken prior to the injection, when half 
the amino acids had been administered, at 
the end of the injection, and 1 and 4 hours 
thereafter, and Avere analyzed for content of 
non-protein nitrogen, urea nitrogen and 
cK-amino nitrogen. It Avas soon found that 
the determinations during and at the end of 
the injection period were directly dependent 
on the rate of infusion, and these Avere dis- 
continued. In the later tests, blood sam- 
ples Avere collected before, and 1 hour and 
4 hours after the infusion. Separate sam- 
ples of urine AA^ere obtained when possible 
at the end of the infusion period, 4 hours 
following the infusion and then for the fol- 
lowing 19 hours; and were analyzed sepa- 
rately for the total content of nitrogen, urea 
nitrogen and a-amino nitrogen. 

On the initial blood of each patient the 
foUoAving additional ’determinations were 
performed— total protein and albumin globu- 
lin fractionation,® prothrombin time,*® serum 
bilirubin,*® complete blood count and cepha- 
lin-cholesterol flocculation.® During the 1st 
feAv days after admission, a determination 
was made of the percentage of bromsulfalein 
excreted 45 minutes after the administration 
of 6 mg. per kilogram of body weight. 

The a-amino nitrogen was determined by 
the gasometric ninhydrin carbon dioxide 
method of Van Slyke;®-*® non-protein nitro- 
gp by Folin's micro-Kjeldahl method AA'ith 
direct nesslerization,^ urea nitrogen by the 
urease method of Folin® with distillation 
and nesslerization. Albumin globulin sepa- 
ration was made by the Howe method® and 
albumin and total plasma proteins AA’ere 
determined by modification of the micro- 
Ivjeldahl method of Keys.® 

Results. Table 3 shoAvs the blood bio- 
chemical findings in both the normal sub- 
jects and patients Avith cirrhosis. The 
mean normal fasting A'alue for plasma 
a-amino nitrogen in tliis laboratory is 
3.73 mg. per 100 cc., AA-ith a standard devia- 
tion of 0.29, giAung a “normal” range of 
2.SG to 4.G0 mg. per 100 cc., using 3 times 
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the Standard deviation to minimize varia- 
tion due to chance alone. In the subjects 
studied the fasting or initial a-amino 
nitrogen level was within the normal 
range with one exception. This exception 
was a patient with cirrhosis whose initial 
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the cirrhotic group being slightly higher 
than that of the normal group. By 4 
hours after the infusion the mean value 
for the normal group was within the nor- 
mal range but still slightly above the 
pre-infusion levels. Only 2 of the cirrhotic 


Table 3.— Changes in Plasma Non-protein, Urea and a-AwiNO Nitrogen Following 
Intravenous Injection of 300 Cc. 15% Protein Hydrolysate Solution 


Non-protein nitrogen 
(mg./lOO cc.) 


Urea nitrogen a-Amino nitrogen 

(mg./100 cc.) (tng.UOO cc.) 


atient 

Before 

injection 

After injection 

1 hr. 4 hr. 

Before 

injection 

Alter injection 

1 hr. 4 hr. 

Before 

injection 

After injection 

1 hr. 4 hr. 

E.B. 

18.1 

25.2 

20.0 

ClHBHOSIS 

9.5 

11.4 

13.0 

3.69 

11.85 

5.51 

J. S. 

34.0 

38.4 

37.2 

18.0 

17.9 

19.0 

4.10 

7.41 

6.16 

R. M. 

20.2 

25.5 


9.0 

11.9 

17.2 

4.26 

6.52 

6.10 

F. M. 

20.0 

30.8 

22,4 

8.6 

9.1 

13.1 

2.68 

6.51 

3.39 

T, McC. 

41.2 

46.8 

42.4 

25.7 

28.4 

29.3 

3.78 

7,70 

5.15 

E. C. 

18.1 

19.4 

18.6 

10.8 

9.7 

7.9 

3.61 

7.71 

6.00 

P. D. 

27.6 

36.0 

29.2 

16.4 

19.5 

19.7 

4.21 

12.61 

8.18 

C. S. 

30.4 

32.8 

30.0 

15.0 

16.3 

16.3 

3.64 

6.31 

3.77 

Mean 

26.2 

31.9 

28.5 

14.1 

15.5 

16.9 

3.73 

8,33 

6.53 

C. D. 

27.0 

35.0 

38.2 

Nobmal 

11.7 

14.3 

18.5 

3.46 

9.58 

4.22 

J. F. 

23.6 

30.8 

25.1 

13.0 

16.7 

15.8 

4.52 

7.21 

4.57 

L D. 

20.8 

26.0 

27.2 

10.5 

14.3 

15.2 

4.09 

4.99 

4.27 

G. A. 

27.6 

33.0 

26.0 

13.4 

19.1 

17.4 

3.64 

7.12 

4.90 

A.M. 

21.7 

25.3 

23.1 

9.5 

13.2 

13.6 

4.13 

8.66 

4.44 

Mean 

24.1 

30.1 

27.9 

11.6 

15.3 

16.1 

3.97 

7,51 

4.48 


Table 4. — Changes in Urine Total, Urea and a-AiniNO Nitrogen Following Intravenous 
Injection of 300 Cc. of 15% Protein Hydrolysate Solution 


Total nitrogen (gm.) 


Urea nitrogen'(gra.) a-Amino nitrogen (gm.) 




U 

o 


u 

Cl 

2 



41 

tc 



to 


c 

«5 

c 

c 

cs 
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_o 


'S* 

,2 


*r* 


C- 

« 
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S 

*02 

3 

Am 

2 

•c 
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_C 

o 

*0 

Am 

.S 

d 

o 

'o 





w 

to'w 

tie 


.5 

'C 

C.2 

‘C c 

,£ 3 

u O 

c 

lx c 

C 3 
*u 2 

Patient 

3 

Q 

3 — 

Q 

Q 

3 

Q 

3-- 

Q 

3*3 

Q 






ClBBHOSIS 

n.M. 

1.52 

1.93 

9,60 

0.92 

1.29 

7.20 

T. McC. 


1.46* 

6.35 


1.08* 

4.50 

E. C. 

o!4S 

0.77 

4,02 

o'. 27 

0.57 

3.50 

P. D. 

0.95 

, . 


0.54 



C. S. 

1.30 

2.23 


0.84 

L20 

. . 






Nobmai. 

C, D. 

0.97 

0.83 


0.54 

0..54 


J. F. 

0.60 

3.53 

7,81 

0.32 

2.10 

5.47 

I. D. 

4.95 

4.04 

8.3G 

4.15 

2.77 

5.33 

G. A. 

1.00 

0.64 

8.32 

O.S2 

0.43 

6.63 

A. M. 

0.44 

2.01 

5,00 

0.38 

1.28 

3.20 


♦ Tooled specimens during infusion and 4 hours after infusion. 
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tn 




.2 
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S 
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*S)2 

a-amino nitrogen 


.5-3 

C 3 
*c o 

excreted during 

3 

3.S 

3»« 

and 4 hrs, after 

Q 

0 

p 

infusion 

0.230 

0.190 

0.190 

9.0 

. . 

0.066* 

0.121 

1.4 

0.106 

0.138 

0.092 

5.2 

0.166 




0.067 

0.100 

•• 

3.6 

0.172 

0.104 


5.9 

0.043 

0.268 

0.097 

6.6 

0.222 

0.085 

0.116 

6.6 

0.014 

0.010 

0.437 

0.5 

0.048 

0.025 

0.013 

1.6 


level was slightly below normal. In the 
few analj-ses made during and at the end 
of the infusion, the a-amino nitrogen 
values varied from 10 to 13 mg. per 100 cc. 
of plasma. One hour after completion of 
the infusion all of the plasma a-amino ni- 
trogen values wore elevated, the mean of 


group had returned to normal. The mean 
value for the cirrhotic group was 5.53 mg. 
per 100 cc. which is significantly above 
our normal range. 

The data in Table 3 show that the 
plasma urea nitrogen in most instances, 
m both the “normal” controls and the 



<'*><' l.tAvi^, T.vvi.oi:, h.wiKMiN: f-i 

<'irrliiitic ru i- n-a<-liini.; 

till' liiy!u'>t uh iTvi-il !<'Vf!< ■{ hours iifltT 
till- illfUMOIl. 

AiuiIvm-a for lotiil iiitriiyi ii, iirt-a uttro- 
yt'ii uuil ocuiiiiuo iiilro^;i-ii \vi‘ri- iiuuli- in 
iiriiii- s:unjilc., uiui tin- nviilt . ur>- jirc- 
soiitcd in ’l’ul)h- 1. In m-vit.iI iic fann- . 
in whifli it u:iH int(>»'.-.ililc to he vuro of 
conijilctf colh-ctinns thr ilatn ha-i not li*'«-n 
])ri-;'<‘nti'»l .VO tliiit flic (hilu on only .*> of 
tin- cirrhotic jiaticntv nrc inclinlci!. 'I'In- 
variation hclwccn iinliviihnils iv .-o larf^c 
that iio siynilicant tliiTcn-ncc in l■.\<•rI•tion 
of cither tirca or o-aniino nitro;,’cn wa-. 
(divcrvcd hetween tin- normal imlividiial-. 
and patients with cirrlaoiv hdlowiny tin- 
injection of -l.Cif' jjin. of ifaniino nitroycn, 

A few patient.s (-oinphuned of a Inirnin^' 
sensation and ilii.vhiiift early in the infu- 
sion. hut this *lid not last for more than n 
few minutes. Nausea ami vomitiuy’ were 
frequent late in the infusion and could he 
.stopited hy .slowing or momentarily stop- 
piug the injection. In 2 j)atients it was 
oh,servcd that tlie.sc; symptoms developed 
when the infusion was run in more rupiilly 
than 8 ce. or 0 int;. of nitrogen per minute. . 
Incidentally it was noted that patient.s 
who had recently received heavy sedation 
showed Ic.ss nausea and vomitinp. 

Discussion. Tlie object of these investi- 
gations was to deternnm* tolerance to, and, 
if possible, the fate of injected amino 
acid.s in patient.s snfYcring from severe 
liver disease. Clinically, there was no 
difference in tolerance for injected amino 
acid between the normal and cirrhotic 
groups. 

Biochemically the data indicate that 
probably there was !i slower rise of the 
mean plasma urea concentration and 
possibly a slightly elevated mean plasma 
a-amino nitrogen level 4 hours after the 
infusion of the protein liydrolysatc in the 
cirrhotic group .as compared to the normal. 
However, there is considerable individuiil 
variation in the cirrhotic group and 2 of 
the patients showed as marked a rate of 
urea formation as obtained in the normal 
controls. There is no e^^dence that 
amino acids are not metabolized by the 


■.vnin; iiiMv.v i.n i.t: ciuiMio.sin 

eirrhotic individmd a- wi-11 us by the nor- 
mal imlividmd in tlu- iimoimt and at the 
rat»- whii'h were m<-d in thiv prr.-eritJition. 
'i’iu' Hilly .'•afe l■one!l|■.il>n from this .study 
may lit- in the vlatvim-nt that there is po."- 
sihly a ;.Iik‘ht diminution in thi- rate of 
amino aeid di-;q>ji»-aram-r- from the circu- 
lating lilood and .--light deiTea->e in nren 
formation. 

The exp'-rimeiit-. of Kitannira rl al.* 
cannot 1 m- compared with the re.vnlt.s in 
otir ea-e^ .vinec the damage dotic to the 
liver by i-liloroform in rabbit.s is probably, 
so far a-. i>ioehenneai stndte;'- indicate, 
mneh more .veven- tliaii in cirrbosi.s. Pre- 
vious attenqn.s to tise orally aflniinistered 
protein ttnd its liydrolytie products in man 
as a means of measuring liver function 
by im-rea.-ed iieemimhition of mmictab- 
orr/.ed o-amino nitrogen in the plasma, or 
by decreased urea fortnation, have not 
met with sneci-ss. In the small series of 
easis ri-jKirted here, the intravenous ad- 
ministration of -hOC) gtn. of n-amino nitro- 
gen does not indictite any tuarked impatr- 
mctit of the c-irrliotic liver to metabolize 
o-amino nitrogen, as demotistratcd by the 
same criteria a.s ii.«ed for the oral liver 
function test.s mentioned previously. The 
present sttidie.s do indicate the necessity 
for further study of this problem using 
cither mi.vt tires of synthetic amino acids 
or snitahle hydrolysates w-hich may be 
administered in much larger amounts and 
in shorter periods of time. 

Incidentally, it w-as learned that in the 
normal patient approximatel.v 5 hours arc 
needed to remove from the blood the 
excess a-amino nitrogen added by the in- 
jection of protein liydrolysatc containing 
4.GG gm. of a-amino nitrogen. 

Conclusions, 1. Three hundred cc, of 
15% protein liydrolysatc containing 75% 
of a-amino nitrogen was given by rapid 
intravenous infusion to S patients with 
cirrhosis of the liver and to 5 “normal” 
patients, 

2. Ciinically both groups show-ed some 
intolerance to the rapid infusion, exhibit- 
ing flushing, nausea or vomiting. 
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3. Plasma non-protein, urea and a- 
amino nitrogen were determined initially 
and 1 and 4 hours after the infusion. All 
patients showed elevation of the a-amino 
nitrogen values 1 hour after the infusion 
but by 4 hours after the infusion the group 
without liver disease had returned to nor- 
mal levels in contrast to the group with 
cirrhosis of the liver which still exhibited 
some elevation in the a-amino nitrogen 
values. The urea nitrogen, while subject 
to great indi%ddual variations, rose more 
slowly and to a lesser degree in the cir- 
rhotic group. There is, therefore, a pos- 


sibility that there is a slight reduction in 
the rate of metabolism of the amino acid 
administered. 

4, Few important data were obtained 
from biochemical studies of the urine, 
except to demonstrate that relatively small 
amounts of cc-amino nitrogen are excreted 
following rapid injection of the material. 

5. In the amounts used and at the rate 
administered in this study, the injection 
of amino acids does not offer a good method 
of determining liver impairment even in 
the presence of advanced liver cirrhosis. 
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Ilf tlir iiriiiiir.i' i‘litniii:itii)ii of 
;{,3-<Iictliyl-'2,-I-(Iioxoti'tr:iliy(Iroi)yri<Iiiic, a 
seilativc-hypiiolii;, have liccii farriiil out 
ill ilopi,''^ cats, raliliits and inicc’ liy otiior 
iiiV(‘Sti;;ators. I'olIowin>; tlic recent <lc- 
vclopincnt of a new fltiiiromctrlc method 
for the determination of the driif: in nrine,- 
a study of the renal excretion in man was 
undertaken as a collateral proji'ct of the 
clinical evaluation of the drnir in jisyehi- 
atric conditions/ Theoliject of the jiresent 
investigation was to olitain information 
on the excretion of 3,3-diet hyl-2,-l-<lioxo- 
tetrahydrojiyridine, durinp and after a 
prolonpcd course of daily medication, ns 
compared with the elimination followinj; 
a single dose. 

Case Material and Procedure. Ten 
psyehiatric cases, five males and five 
females, ranging in age from 20 to *11 
years, xvere studied. These patients, who 
did not require sedative-hypnotic medica- 
tion, were to have received O.G gm. of the 
drugf every night for a period of four 
weeks' However, medication had to he 
omitted on some days in several instances, 
and in one uncooperative patient (Case 
No. 109), it became necessary to discon- 
tinue the administration of the drug after 


two weeks. Had the patients received 
medication aeeording to jilan, the total 
intake of each jierson would have bceti 
Iti.S gm. 'J'able 1 shows the (piantitics 
actually ingested. 


T.Mit.i: 1 .— Tot.m. Dd'i; or NIT 90S I.\-oi;«Tr.n nv 
Tr..v I’svcaMTiiie ItiTirsT-' wmii.v t’s 


C.-I..- 

Total clo-e 
niIminL«!rri'<l. 

No. 

gni. 

101 

15 0 

102 

1C R 

lO.'t 

10 R 

lOI . . 

13 2 

105 . . . 

1C .R 

lor. . . 

12 C 

107 

13 2 

lOS ... 

. . 1C .s 

109 . 

C 0 

110 . . 

1C S 


In order to determine the amounts of 
NU-903 excreted, daily collection of 
2-1-hour urine specimens was instituted 
1-13 days after the initial dose. How- 
ever, in the majority of cases some void- 
ings laid to be discarded because of in- 
comidetcness of collection, and the study 
of the urines of patient No. 105 was 
abandoned altogether when it became 
obvious that she could not be trained to 
collect her specimens. In the remaining 
9 patients collection was continued for 


* Present address: MoArdlo Memorial Laboratory for Cancer Research, Univ. of Wisconsin, 
Madison, Wisconsin. 

t Hoffmann-La Roche, Inc., of Nutley, N. J., supjilied 3,3-diethyl-2,4-dioxotetrahj’dropjTidine in 
form of tablets of 0.2 gm. under the designation of NU-903. 0.2-0.‘l gm. lia-ving been found to be 

effective in inducing sleep in cases of mild and medium insomnia, tlie dailj' amounts administered to the 
10 subjects reported here are in excess of the average adult dose. 
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at least 4 days after the last dose of 
NU-903. 

Amber bottles, containing 20 ml. of 3.5N 
H2SO4 were used for pooling the daily 
voidings of each subject. In carrying out 
the estimations of the urinary excretion of 
NU-903 in all the specimens thus ob- 
tained, the method described by Hirsch- 
berg et aU was used. This technique is 
based on the measurement of the compara- 
tive fluorescence of urines, at suitable 
dilutions, in the absence and presence of 
hj'^droxylamine. The difference in in- 
tensity between total fluorescence (with- 
out hydroxylamine treatment) and resid- 
ual fluorescence (with hydroxjdamine 
treatment) yields a measure of the con- 
centration of NU-903 in urine. 


from 24.2-64 mg. It can be furthermore 
seen from the same table that by express- 
ing the average amounts of NU-903 
excreted in mg./lOOO ml. urine, rather than 
in mg./day, this range is restricted to 
from 24.7-38.4 mg. Thus the average 
amounts of the drug excreted per 1000 ml. 
urine by the individual subjects are in 
closer agreement than those calculated 
on a per diem basis. Similarly, the stand- 
ard deviations are significantly smaller 
when all values are calculated on the 
basis of mg./ 1000 ml. It seems as though 
the average amount of NU-903 excreted 
is related to some extent to the average 
volume of the voidings. 

Figure 1 portrays the experimental pro- 
cedure and the results obtained in case 


Table 2.— Uhinahv Exchetion of NU-903 fob 9 Psychiathic Patients duking Prolonged Cotiese 
OF Medication (0.6 Gm. per Dose; Range of Total Intake 6-16.8 Gm.). 


Case 

No. of 
urine 

Average excretion 

Average volume 
of urine in 

Average excretion of 

No. 

specimens 

of NU-903 in mg./day 

ml./day 

NTJ-903 in mg./lOOO ml, 

101 

... 19 

54.0 * S.D, 26.4 

1460 

37.2 * S.D. 8.4 

102 

. . . 21 

37 4 S.D. 12.5 

1200 

31,4 ± S.D, 7.4 

103 

... 15 

24.9 S.D. 13.6 

640 

38.4 S.D. 9.6 

104 

. . . 8 

46 2 ± S.D. 7.4 

1320 

35.4 ± S.D. 6.8 

106 

. . . 8 

43 4 S.D. 8.2 

1300 

35.0 S.D. 7.8 

107 

. . . 9 

24.2 S.D. 11.9 

810 

29 0 S.D. 7.3 

108 

... 11 

29,8 =<= S.D. 13,1 

SOO 

36.6 =fc S.D. 8.4 

109 

. < . 8 

64,0 S.D. 15 6 

1700 

38.1 =fc S.D. 6.5 

110 

. . . 11 

31.1 S.D. 19.9 

1210 

24.7 ± S.D. 11.6 

Mean value 

. . . 12,2 

39 4 * S.D. 14.3 

1160 

34.0 S.D. 8.2 


After a rest period of two months with- 
out medication, a single dose of 0.6 gm. 
of NU-903 was administered to 6 of the 
10 subjects (Case Nos. 101, 102, 104, 106, 
108 and 109). Again 24-hour urine speci- 
mens were collected for 4 days after the 
intake of the drug and the excretion values 
of NU-903 determined. In addition, a 
similar number of urine specimens were 
a.ssayed of two normal, self-controlled 
persons (chemists) who had taken a single 
dose of O.G gm. of the drug. 

Findings and Interpretation. Excre- 
tion of NU-90S dotting and after a j^rolongcd 
course of doihj medication. As appears 
from Table 2, the average amounts of 
NU-903 excreted per day by the indiUdual 
patient.s receiving a daily dose of 0.6 gm. 
over a prolonged period of time ranged 


No. 102. This particular patient was 
chosen for the graphical presentation of the 
representative findings because she was 
distinguished by excellent cooperation: 
Thus never during the 4-week period of 
daily administration of NU-903 did she 
omit taking a dose; moreover, she fur- 
nished the greatest number of urine speci- 
mens obtained from any of the subjects. 

As can be seen from Figure 1, the daily 
excretion values of NU-903 varied con- 
siderably, ranging in this case from 17.6- 
69.2 mg. The validity of the inference, 
drawn from the composite Table 2, namely 
that the average amount of NU-963 
excreted by a given person is related to 
the average volume of the voidings, is 
borne out by the daily excretion finding 
for patient No. 102. The peak of elimina- 



roi.vns’, iiiiwHiiKHo, ki'iun', i-ikk: 


fiOi 


tioii occtirritii: «n llic IStli day nf (lie 
I'Xpcrinu'iit witli tin* l!tryc.-.t 

\c)liinic (IT.'iO ml.) < f any nf tlic 2l-!.oiir 
iirinc >i)('cimfri'i of iiii> pationt. On tin- 
other liaml. (lie minimum amount of 
e.verete<l is correlated \sit!( a 
urinary volume (T.if) ml.) u liieli is .second 
to the smallest eollecti-d hy her in any 
21-honr period. Of parti<iilar interest 
are the e.veretion hndim,’^ on the <l:tys 
following the last dose of NT -JM).'}, /, e,, 
in ease Xo. 102 aftiT a total intake of lO.S 
pm. A.s apfiears from I'ipnre I, the«-xere- 
tion level cleeresised promjply followinpilis- 
eontimiation of tin* <lrnp and after :t-l 
days only neplipihle fpiantities of XT- DO.*, 
if any. were deteetahle in the urine. 'I’he 
pertinent findinps in the other Senses were 
quite .similar, as evidenced hy fin? fipnres 
recorded for "> of these, topether with the 
datti for ease Xo. If>2, in thi" left hand 
section of Talile 


ranpe from 7.'{ mp. ('>,'t-]'2.7 % of the 
sinple iloM'). Furthermore, it appears 
that the mean total exerethm of these (» 
p.itient.-- is til mp. flh'f of the sinple dosej 
and that the nie.an vahn' of e.xeretion on 
the first ilay f-’f-'l mp.j amounts to o.'jSc of 
tile mean S’aliie of the total quantities 
eliminatefl. The mean vahns of the 
amounts e.vereted ihirinp the second, thirri 
atnl fiiiirth 21-hoiir [wriod «»f isjllection 
rejire.sent 2(i. 11. ami .S<Jc resiM-etixely of 
the total e.veretion. In peneral, this 
pattern of elimination resemhles that after 
the jirolonped eotirse, hnt the mean total 
e.veretion after the terminal dose of the 
latter is somewhat hipher, namely 7(i mp. 
Interestinply enonph the mean wilnes of 
excretion on tin' respective seeontl, third, 
and fourth ilays after the jirolonped course 
on the one hand and followinp the sinple 
flose on the other, are almost identical, 
with the hipher e.veretion value on the first 



I'lo. 1. — Urinnrj' excretion of NU-OO.'t for imtient No. 102 reccii’inK n dnil.v close of 0.0 pm. for 2S 
consecutive day.s iincl, after a rc.sl period of two niontli.s, a .‘•inple do.'-e of 0.1! pin. The initial e-stimation 
of NU-902 wa.s performed after patient had taken .six do.-ie.s and with the exception of two day.s, indicated 
by broken lines, nrinarx' n.ssay.s were carried out daily until S day.s followinp di.'.contimintion of medica- 
tion. The excretion findinps after the sinple do.se are piven to the ripht of the dividinp line. The 
arrow.s represent the daily dose.s of NU-00:i. 

Excretion of NU-90S Following a Single 
Dose. The e.vcrction data of the 6 patients 
reeeiving a single do.se of 0.6 gm. following 
a medication-free interval of 2 inontlis, 
are recorded in Table 3, to the right of the 
dividing line. It can be seen that the 
quantities of NU-903 e.vereted by the 
individual subjects on the first da^' range 
from 15-57 mg. (2.5-9.5% of the single 
dose) and that their total e-verction v.ahies 


day accounting for the greater total elim- 
ination after the 2S-da.v course. Un- 
doubtedly, the amounts e.vereted by tlie 
individual patients during these first 24 
hours are composed of a major portion 
originating from the last dose and a smaller 
portion from the preceding one. Ob- 
viously, there can be no such additive ex- 
cretion after a single dose. Notwithstand- 
ing the somewhat higher excretion follow- 
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ing the prolonged administration, these 
findings indicate that no accumulation of 
the drug occurs even if given daily in 
comparatively large doses over a period^ of 
4 weeks. This is entirely in keeping with 
the clinical results® which are character- 
ized by a negligible percentage of after- 
effects. Particularly the absence of hang- 


voidings on the first day contained the 
greatest portions of the drug excreted over 
a 4-day period. The total quantities of 
NU-903 eliminated w'ere 31 mg. and 39.1 
mg. (5.2% and 6.5% of the dose given). 
These values are in agreement with the 
lowest of the excretion figures recorded for 
the psychiatric patients. In general the 


■ Table 3 —Urinary Excretion of NU-903 for Six Psychiatric Patients after Last Dose of 
Table 3. ^/™^^^^Covrse of Medication (0.6 Gm. per Dose; Range of Total 

Intake 6-16.8 Gm.) and after Single Dose of 0.6 Um. 

(Brackets indicate that total excretion values include individual findings ^ 
daU oAlv because of incompleteness of specimens collected on third day. Note close agreement 
tSn “tae oVr=S» on firs. doy tollowiM last dose of prolonged eourse and ™ean value 

of composite average excretions per day during prolonged course.) 


Case 

No. 

101 

102 

104 
106 

105 
109 


Average excretion of 
NU-903 in mg. /day 
during prolonged 
course 

54 

37 

46 

43 

30 

64 


Excretion of NU-903 in mg. after 
last dose of prolonged course 


Excretion of NU-903 in mg. after 
single dose 


1st day 2d day 
49 
36 


36 

10 


50 

42 

36 

86 


11 

11 

16 

20 


3d day 4th day 

11 5 

6 4 

4 3 


Total 1st day 2d day 3d day 4th day 


101 

56 

68 

(56) 

66 

( 110 ) 


27 

57 

15 

33 

31 

33 


20 

7 

11 

19 

15 

25 


5 

6 
4 
6 

10 

10 


Total 

61 

73 

33 

63 

62 

70 


Mean value 


46 


50 17 


8 4 76 33 16 


7 5 61 


1 



Fig. 2. — Urinary excretion of NU-903 for two normal adults recehung each a single dose of 0.6 gm. 
Estimations were carried out on two days prior to the administration of the dipg (indicated by arrow) 
and four and five days respectively thereafter. 


over and drowsiness on awakening, so 
frequently encountered with other hyp- 
notics, may be explained by the rapid 
elimination of NU-903 and by the fact 
that no accumulation occurs. 

Figure 2 indicates the daily urinary 
oxcrction findings for the two normal self- 
controlled adults who took a single dose 
of 0.6 gm. of NU-903. .As can be seen, the 


course of excretion after a single dose was 
the same in all the eight subjects studied. 

An e.xcretion of only 5.2-12.7 % is sug- 
gestive of the possibility that a portion of 
the ingested dose is excreted in some 
conjugated form^ not susceptible to direct 
assay. However, attempts to increase the 
amount of fluorescent material by acid 
or alkaline hydroly.sis were unsuccessful. 



('()(■> i-KiNAiiY lAcitr/noN or ;(,:i-i)ii;niviy_’,-l-i)iox()Tr.Ti!A!!vi)i!orv]tn>i>rn in man 


I npiililishctl cxiMTiinciit.'i rdndiiricd in 
tlu'Si' lalidnilnrii-i und clsi-wlnTr’ liavc 
sliown tliai NI'-'.K)d i-< fairly 
to alkaline oxidation re.adtinr in lireakinj: 
of the pyridine riny. It i~i prohahle that 
the major jHirtion cif the drn^' nnderyoe. 
oxidation in rim. 

Summary. 'I'lie urinary excretion of 
.'{.•{-diethyl-‘J.-I-(lioxotetr!ihydropyridine, a 
>edativ(‘-hypnotie<!e.siynateil Nl’-hO.'f. was 
studied in 0 p^yehiatrie jjatieiits diiriiif; 
ami after a proloimed eonrse of medication 
(0.0 fjm. per dose with the total intake 
rallying; from (I'llt.S rmi.) and in (i of tla-se 
followinj; n sinyle ilose of O.ti pn. In ad- 
dition the renal elimination of the dnif; 
was sttidied in two normal adults iifter 
the intake of ().(>. pm. 

I'lic averape iimnnnt.s of NU-00.‘I ex- 
crt'tcd per day diirinp the ])rolonpcf! 
course xverc found to vary preatly from 
patient to patitmt and in ji piven subject 
the quantitie.s eliminated within 21 hours 
viiried from day to day. If the renal 
excretion was expre.s.sed in mp./IOOO ml., 
these dilTerencc.s were rendered appre- 
eiidtly stnaller. It appears that the 
fpinnlities of NU-f)08 eliminated are 
related to the volume of the voidinps. 
The mean x’aluc of the avernpe tlaily 


excretions diirinp the continued adinin- 
iitmtioii wu-N of the individual close. 

l);dl\’ excretion studies aft«:r tlar last 
do.-c of the prolonped cour.-e showed that 
the level of elimination decreased rapidly 
followint: di-continnatioti of the drup. 
'I’he mean s-idue of the- total amounts 
excreted hy six patients on the four days 
iifter the hist do-e was 7(i mp. More than 
(».'»c' of I hi-' ammint was eliminated oti the 
fimt day. 

'J'he re.sults followinp a .'•inple dose of 
O.tl pm. were t|uite similar. Under thr-se 
cxjterimentfd cotiditions too, the excretion 
level dropped jtromjitly and the mean 
vidiic of the total amounts eliminated over 
four days was til mp. The excretion data 
in the two tiorrnal adults re.«etnhled those 
in the iisychititric itatient.s. The rate of 
elimination in the S subjects rceeivinp a 
sitiple dose of O.G pm. ranped from .").2~ 
12.79c of the inpested amount. 

Tlie somewhat preater total excretion of 
NU-!)0;i jifter the last dose of the pro- 
lonped eoiir.-ie is due to a hiplier urinary 
level on the first day after ce.ssation of 
medication. The findinps indicate that 
no aceurmilation of the drup occurs even 
if it is piven in Inrpc doses over a period 
of four weeks. 
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GASTRIC SECRETORY RESPONSE IN HYPOGLYCEMIA AS PRODUCED 
DURING INSULIN SHOCK THERAPY 

By Charles H. Hiles, M.D. 

ASSOCIATE IN INTEBNAL MECICINE 
■WHEELING, 'WEST VIRGINIA 

(From the Department of Internal Medicine, Wheeling Clinic) 


The purpose of this report is to empha- 
size that insulin shock therapy as em- 
ployed in the treatment of mental disease 
may cause serious side effects. This 
study, made at the Western Pennsylvania 
State Psychiatric Institute, reveals the 
increase in gastric acidity in patients with 
schizophrenia when given insulin shock 
therapy. 

Review of Literature. Gastric secre- 
tions are known to be modified by reflex 
nervous stimuli. By feeding dogs through 
gastric fistulse, the gastric secretions are 
smaller in volume and are of lower acid 
and peptic power than when food is fed 
by mouth (Babkin^. IWien the gusta- 
tory nerves are stimulated, reflexes are 
mediated via the vagus nerves to the 
stomach to cause a secretory response. 
Pavlov (cited by Babkin^) showed that 
follomng double vagotomies in dogs sham 
feedings produced only a small volume of 
neutral or slightly acid mucus with no 
peptic power. Thornton, Storer and 
DragstedP® reported the same findings in 
man. Ten patients given sham feedings 
showed an increase in both the volume and 
acidity of the gastric secretions. After 
bilateral vagotomies in these patients no 
secretory response was noted. 

The positi\'e influence of the vagus 
nerves upon the stomach was well showm 
by Yineberg^ working in Babkin’s labora- 
tory. By ex-posing the vagi in the neck 
of a dog and stimulating thein directly 
with electrical currents, he showed that 
weak stimuli produced an alkaline or 
slightly acid gastric secretion, while strong 
stimuli produced a large volume of highly 
acid juice with strong digestive power. 
Stimulation of the vagi by means of drugs 


will produce the same results. Flexner 
and WrighP® used acetyl-beta-methyl- 
choline (Mecholyl), a parasympathomi- 
metic drug, and found that an increase 
in gastric acidity resulted. The effects of 
indirect vagal stimulation through the 
parasympathetic center in the brain have 
been proven. Hypoglycemia in dogs fol- 
lowing administration of large doses of 
insulin causes a marked increase in vol- 
ume, acidity and digestive power of theu- 
gastric juice (LaBarre and de Cespedes,^® 
Babkin®). Reestablishment of normal 
blood sugar levels in these dogs will result 
in a return of the gastric secretions to 
normal values (LaBarre and de Cespedes’®). 

The relative ease of the production of 
insulin hypoglycemia and the constancy 
of its action in the stomach has prompted 
Babkin® to recommend the use of insulin 
as a test of the functional ability of the 
gastric mucosa. This same property of 
insulin is made use of follo'wing gastric 
neurectomies (vagotomies) in the treat- 
ment of peptic ulcer in man. If, after 
operation, large doses of insulin fail to 
cause an increase in the gastric acidity, 
it is considered that all the nerve fibers 
have been severed (Thornton, Storer and 
Dragstedti®). VanzanB® reported a 2^ 
year follow-up on 4 dogs after vagotomy 
and, by the renewed gastric response to 
insulin hypoglycemia, concluded that the 
vagus nerves were again transmitting im- 
pulses to the stomach. 

The effect of the vagi upon the stomach 
can be effectively eliminated bv physio- 
logic doses of atropine. It has been shovm 
m dogs that the gastric secretions excited 
by insulin hypoglycemia can be completelv 
stopped by full doses of atropine (Babkin) 
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LaUiim- 1111(1 (!(> (’cspcilcs'"). IN'tiTMm 
and J’cttT.'ain''’’ cinploycd dilnitolini*, a 
derivatlvi' of (‘arliaininoylcliolinc 
inj: atroj)iiic-!iko (pialilic-i, and (•(iinplclcly 
aliolislicd the >;a.stric liyjHTacidity secon- 
dary to insulin liyi>o;,’Iyeeinia in hnnian 
.snbjcet.s. In conditions as'-dciated with 
hypiTj,'lyccinia if ini^dit he expeeled, then, 
that the pasfrie juices are of low acidity 
and jiejifie jxiwer. 'I'liat this is so is mik- 
};esfcd hy the low ineidener' of jiejitie nicer 
anion;; patients with diahetes inellitus as 
rejiorted hy .lankelson and Hndy," Dowcn 
and Aaron,’’ and Hotlienher^Mind 'J’eielier.’^ 

The jiarasyinjiatlietie and synijiathetic 
nervous systems of the hody are reciprocal 
in function. When one of these nervous 
systems is hlocked or overly sfimnlatcd 
the normal halanee is upset. Illnstrativo 
of this is a jiaticnt rejiorfed hy Ulepen 
and Kintncr." Followinp a dorsoinmhar 
sympathectomy for hypertension, his pre- 
existing' pastric nicer hecame active. The 
release of the sympathetic control allowed 
the pnra.sympathetic (vapns) to stinudate 
the gastric glands nnchcckcd. Intcrrnp- 
tion of both these nervous pathways in 
the same individual will have a neutra- 
lizing effect in those organs supplied by 
them. Weeks, Ryan and ^’^an Hoy-® re- 
ported a case of hyjiertension and peptic 
ulcer in which a combined dorsoinmhar 
sympatliectomy and vapotomj' was per- 
formed. The benefits to be axjiccted by 
release of vagus control of the stomach 
were nullified by the removal of the sym- 
pathetic influence, as the patient finally 
had a perforation of the ulcer. 

Method of Study. For the purpose of this 
study 5 patients v-ith schizophrenia, to whom 
insulin shock therapy was being given, were 
selected. A fasting blood sugar and gastric 
analysis was done on each and was repeated 
at ^ hour intervals until the conclusion of 
the shock period. There were 4 females and 
1 male, ranging in age from 20 to 37 years. 
Unfortunately, a fractional gastric study 
had been made on only 1 patient prior to 
treatment. Three of the patients had had 
glucose tolerance tests before treatment, and 


1 h.'id laid no (ktI incut laboratory .«tudie.s. 
In olit.'iiniii': the tra^fric Kamiilcs a I/;vine 
fiilic wii- pa'-'cd hy the nn*-al ront<! and wac 
sdlovcd to remain in j)la(C during the test. 
lUo(id .‘•iigar (•.■-timatioim wore done using 
the micro-;tigar tcchnif|ue of I'olin-\Vu. 
modifieil hy h’iorcntino and fliannottasio,’ 
and were re.ad in a phof(K-lcctric colorimeter. 

.Sweating and irritability of varying de- 
grees were t.aken as evidence of insulin .‘■hock 
and were noted in all the jjatients. How- 
ever, true coma with los.s of contact to 
.such stimuli as railing the jratient hy name 
and .shaking hi.s .shoulders wa.s not nlway.s 
achi(!ved. This wa.s particularly so when 
the smtdier in.sulin dos.age.s were u.sed. Regu- 
lar insulin was used in all the ca.scs. 

Report of Cases, Cask 1 (Fig. 1). A. M., 
a white female, age 30, with hebephrenic 
.s(diizoj)hrenia. At the time of hepnning 
treatment she weiglied 100 pounds and had 
a fasting blood .sugar of 125 mg. Cc- Insulin 
therapy had been hepm 3J months before 
thi.s .study was made, so that at the time of 
oh.servation the daih' do.se of insulin wa.« 
•1.50 units. The results of the tests are shown 
graphieally in Fipire 1. It will be noted 
that the gastric; acidity e.vcceded the normal 
values on only 2 occasions. However, in 
each case as the blood sugar values de- 
creased, the gastric acidity increased. With 
the blood sugar Irlood was noted grossh- or 
chemically in all tlic gastric samples except 
tl)o.«e collected during the last day of observa- 
tion. On this day the insulin dosage had 
been reduced and the patient was suffering 
from a mild upper respiratory infection. 
Nausea and vomiting after termination of 
shock was a daily feature in this patient. 
With this history and the finding of blood 
in the gastric contents a fluoroscopic exam- 
ination of the upper gastro-intestinal tract 
was done but no ex-idence of ulcer could be 
detcrmineci. It was believed that she had 
a hemorrhagic gastritis due to the increased 
gastric acidity. 

Case 2 (Fig. 2). N. J., a 23 year old xx-hite 
female with simple schizophrenia. At the 
time of institution of treatment she weighed 
110 pounds, and had a fasting blood sugar 
of 74 mg. % and a slightly increased glucose 
tolerance. In each instance as the blood 
sugars fell the gastric acidity increased. 
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There were no complaints referable to the 
gastro-intestinal system. 

Case 3 (Fig. 3). J. M., a 20 year old 
white male with catatonic schizophrenia 
weighed 145 pounds. Insulin therapy had 
been started 4 days prior to the first test. 
He had had a fasting blood sugar of 100 mg. 
% before treatment and a gastric analysis 
which showed 18 degrees free and 16 degrees 
combined acid in the fasting state' increas- 
ing to 40 degrees free and 8 degrees com- 
bined 3 hours after the alcohol test meal. 


Despite the fact that the blood sugar 
values never reached extremely low levels 
and coma was not attained, the gastric 
acidity increased sharply as the blood sugar 
levels fell. As suggested by Kepler and 
Moersch,^2 would seem that the vagal 
stimulation resulted more frorh a rapid 
decline in blood sugar than from its actual 
value at nny one time. The gastric samples 
in the last 2 tests contained blood in all but 
the fasting specimens. There were no 
s 3 miptoms of nausea or vomiting at any 



Fig. 1 .— Case 1 , A. M. 
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(iine. No Ka^tro-iiilostiiiiil IJocnti'cii mys 
wore made. 

-I (Fi'k. -I). H. I.., a 21 yearnld v.hife 
fcmnl(‘ witii e.'itatoiiie .«eliizoj)liroiii!i weiijlied 
l.'iS pounds, (iluro'-e (olenitii’c le.sts |)rior 
to insulin (Iier.apy slinwed fte-lini; levels frotn 
lO.'lto llOnii;. with return to fiistini; levels 
in .'1 hours. 'I’he st.iRe of conni wiis re.nelu'd 
in e.ach test in from 2 to 2J hours. A eon- 
stnnt .and pronouneed ^a'^trie resi)on.-e fol- 
lowed the droi) in l)loo<i suirar values. The 
free IlCl rose to the nei^hhorhood of 100 de- 


Rrees in praelie.ally every trial. No sym[>- 
toms of (rastrie irritation were notofl. 

Cam; .'i (I'iK. •’>). C. .M., a .'17 year old 
white female with paranoid sehizojjhrenia 
had h.'id 2 jjrevious coiirs'es of insulin t heraj)y. 
Derided im])rovement in her rondition wa.s 
noted following: eaeh, hut .she would rclni)'C 
after s<*vernl months. At the time of hepn- 
niiiK the last cour.s-c on insulin she weiuhed 
1,'U) jwunds. Insulin had been started ajH 
proximately 2 mt)nths before this study was 
made. Although the actual depree of elev.a- 
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tion of gastric acidity was not constant in 
each test, a definite trend of increase in both 
free and combined acid was seen as the 
blood sugars declined. The unstable emo- 
tional status of the patient is reflected in the 
fluctuating values recorded on 2 occasions. 


effort to avoid such a complication it is 
suggested that thorough gastro-intestinal 
studies be made on each patient before 
beginning insulin therapy. Those patients 
in whom the suspicion or diagnosis of ulcer 



A possible explanation of the high values 
for fasting blood sugars noted in each of 
the cases may lie in the fact that 3 patients 
were given insulin shock daily, except 
Sunday; and were fed very high carbohy- 
drate beverages each day to terminate the 
shock. 

Comment. The cases illustrate the 
effect of hypoglycemia upon gastric secre- 
tion. It was shown that when the blood 
sugar values were decreased the’ acid con- 
tent of the gastric juice incretused. The 
vagus nerves have been shown to be con- 
cerned in the mediation of such stimuli. 

Gastric hyperacidity is belie\-ed to be 
one of the contributory factors in the pro- 
duction of pejjtic ulcer. Mental patients 
given insulin shock treatments over long 
periods of time have at the same time a 
high degree of gastric acidity and are, 
therefore, made more liable to the develop- 
ment of gastric or duodenal ulcer. In an 


exists should be protected against the en- 
suing alteration of the gastric contents. 
This should include measures to reduce 
vagal action in the stomach, such as full 
atropinization, or even vagotomy in proven 
ulcer cases. Measures to combat the gas- 
tric acidity neutralization and buffering 
of the gastric contents with antacid prepa- 
rations during the periods of hypoglycemia 
should be employed also. 

Summary. 1. In 5 cases of schizo- 
phrenia given insulin shock treatment a 
definite increase in the acid content of 
the stomach occurred during the periods 
of hj-poglycemia. 

2. Thorough gastro-intestinal studies 
should be completed in such patients 
before giving insulin, and measures to 
counteract or nullify the gastric secretory 

response to hypoglycemia should be insti- 
tuted. 
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MULTIPLE ATTACKS'OF ^NINGITIS 
REPORT OF A CASE WITH AUTOPSY 

By Archibald L. Hoyne, M.D. 

attending physician 

AND 

Allen Schultz, M.D. 

BESIDENT 
CHICAGO, ILLINOIS 


(From Contagious Disease Department, Cook County Hospital) 


Before the advent of serum therapy it 
was extremely unusual for anyone with 
pneumococcic meningitis to survive. But 
now specific antisera are seldom required 
and may be difficult to obtain. However, 
with the widespread use of chemotherapy 
and antibiotics the fatality rate for this 
severe infection has greatly decreased. 
Nevertheless, it is rare for persons to have 
more than 1 attack of meningitis, although 
with intrathecal treatment, relapses or re- 
currences due to the same infecting organ- 
ism may occur. 

Bronstein^ reported the case of a man 
who had 4 attacks of meningitis in a 
period of 8 years, but 2 of these episodes 
could well have been relapses rather than 
reinfections. On 2 occasions the illness 
was attributed to the meningococcus but 
no organisms were found the other times. 
This patient died; there was no autopsy. 
Craddock and Bower'^ also reported a case 
m which a woman had 4 attacks of menin- 
gitis in 1 year and recovered. On the first 
occasion, pneumococci Type XVII were 
identified, but in the second attack 
culture of the spinal fluid was reported 
sterile. The third time a pneumococcus, 
Type XXVIII was disclosed but in the 
fourth instance the spinal fluid w'as sterile, 
ns in the second attack. Thus it would 
appear that this patient had two distinct 
mfections, each with a recurrence. Dur- 
ing the past year wc had a patient with 
pneumococcic meningitis on our service 
who had one relapse while convalescing in 
the hospital from his original attack. 
Later he returned home apparently well 
but after 1 week was readmitted with a 
second relapse which resulted in his death. 


On many occasions when establishing a 
diagnosis of pneumococcic meningitis we 
have been impressed with the patient’s 
history of a skull fracture or head injury 
at some remote time. One^ of us reported 
3 patients noth second attacks of pneu- 
mococcic meningitis occurring at intervals 
of about 6 months to 1 year. Two of 
these patients had histories of skull frac- 
tures which antedated the meningitis by 

1 year or more. In each case the infecting 
organism was of a different type in the 

2 attacks. All 3 patients recovered; none 
had any intrathecal treatment, Traut^ 
had a patient who had meningitis 5 times 
with recovery and in this case there was 
a history of skull fracture 2 years previ- 
ously. On the first 3 occasions the 
organism was pneumococcus Type XXI, 
which suggests that 2 of these attacks 
were recurrences rather than new infec- 
tions. With the fourth illness no organ- 
isms were found but wffien the fifth attack 
took place, pneumococci Type XV were 
responsible. The patient recovered. Fox* 
reported 1 patient with relapsing men- 
ingitis due to pneumococci Type XXIX 
and another with recurrent meningitis 
caused by meningococci. Nearly all of 
the patients reported with multiple attacks 
of meningitis have been adults. However, 
2 of the 3 cases with second attacks of 
pneumococcic meningitis which were ob- 
served by ,one^ of us involved children. 

We wish to report an instance in which 
the patient had meningitis 5 times within 
a period of 5 years. On each occasion a 
different organism was found in the spinal 
Hind HTien the patient expired following 
his fifth infection, the autopsy finding 
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cli'iirly uironiril an explanation for tlie 
vnlnerahility of the ineiiinp-s. 

Cose Report. L. S., a .'{(I year old slrnc- 
tnral iron worker, wan first seen at Cook 
Comity ContauioiiH Disea'-o Hospital on 
Cct. 10, 1012. 'I’lie history was tliat of an 
upjicr rcsjiiratory infection for aliout week.*!. 
He liad none to work aa nsnal on the day of 
admission. .At o i*.m. of that day ids wife 
found him at Iiome in a stnjior and lind him 
removed to a private hosiiital where a dinc- 
nosis of meiiinnitis was made and lie was 
transferred tlien to Cook County Contagious 
Disease Hosiiital. Tiie only sinnificant event 
in his p!Lst history was a fall from a scaffold, 
in 10:H, for wliieh he was hospitalized. 
Roentpen ray films of the skull at that time 
did not di.-elose any fracture. 

Physical examination revealed a well- 
nourished, white m.ale who was stuporous, 
hut thrashed wildly about. Temperature 
was 10:i.C)° r. rectally; pulse, 120; respira- 
tions, 2S; blood pressure, 130/SO. There 
was marked nuchal ripidity and thcKernip 
and Brndzinski sipns were positive. Ten- 
don rcfle.vc.s wore ab.eent but the remainder 
of the physical examination was e,s.sentially 
nepativo. Because the p.aticnt was unman- 
ageable, it was necessary to administer 
250 ing. of sodium pontothal in order to 
sedate him and then a lumbar iiuncturc wa.s 
made, with the following results: spinal 
fluid, cloudj'; pre.«sure, 440 mm., water man- 
ometer; cell count, 4000, polymorphonuclcars 
predominating. Culture of spinal fluid 
.shoAved pneumococci Tyi^e XJiV. Spinal 
fluid glucose was G8 mg.; protein, 375 mg.; 
chlorides, 68 mg. Kahn test was negative. 
Urine was negative, and the white blood 
count was 10,300. 

The patient was giA'en immediately 5 gm. 
of sodium sulfathiazole intravenously plus 
parenteral fluids and at the end of 24 hours 
this treatment was repeated, the 5 gm. of 
sodium sulfathiazole again being given intra- 
venously. Heavj”^ sedation was required to 
keep the patient from tossing about. He 
was put on a 4 hour schedule of 2 gm. sodium 
sulfadiazine in 100 cc. of distilled water 
intravenously and Avas given 100,000 units 
of Type XXV antipneumococcus serum 
intravenously. The temperature rose to 
106° F., respirations became labored and 
oxygen AA^as required. The following day 
another 100,000 units of specific serum was 


pivim iiitravonoudy and a third injection of 
100,000 units was made S hours later. He 
remained stujiorous all d.ay and his temiier- 
ature fluctuated from 102° to 103.6° F. rcc- 
tally, 'Die next d.ay, his nth in the liospital, 
he received 300,000 units more of .scrum 
intraA’enou.«Iy and that night he became 
rational anil was able to answer (pie.stion.s. 
Sulfonamide medication Ava.s then admini.s- 
tered orally and the remainder of his ho.spital 
stay Avas uneventful. 'Die meningeal .sign.s 
gradually sub.sided and he Avent home asymj)- 
toinatie on the 2.5th d.ay after he entered the 
hospital. 

Second Admission (Mar. 30, 1013). Thi.s 
time the patient entered the hospital in a 
comatose condition. He had complained of 
lic.adachc for about G hours and had vomited 
G or S times. I’liy.sical examination .shon-ed 
a re.stle.«s comatose male A\-ith a temperature 
of 10.5° F. rectally; inil.se, 140; rc.spirations, 
40; again the only j)ositiA-e iihj’.sical findings 
AA'crc nuchal rigidity and positi\'c Kernip 
and Brndzinski signs. Lumbar puncture 
rcA'caled a cloudy fluid Ax-ith increased pres- 
sure, cell count of 24,000, predominantly 
polymorplionuclcars; spinal fluid culture was 
reported positive for pneumococci Type X; 
spinal fluid protein A\-as 300 mg.; chloride, 
080 mg., and glucose, too Ioav to obtain 
reading. He Avas started on intravenous 
sodium sulfapyridine, 5 gm., and 30 minutes 
later 4 pn. more of the same drug intra- 
venously. Intravenous fluids, and paralde- 
hyde for sedation, Avere also gix'en. In 
addition, 150,000 units of Type X antipneu- 
mococcus serum AA’as injected intraA-enousR’. 
His maintenance dose of sulfonamide con- 
sisted of sulfadiazine, 2 gm., at 4 hour 
intervals intrax'enousl}' until the 4th hospital 
day when he Avas rational enough to be put 
on oral medication. He was discharged 
asymptomatic on the 14th hospital day. 

Third Admission (Oct. 20, 1943). On this 
occasion the patient was irritable Avhen he 
entered the hospital but Avas able to give a 
historj'- of headache and pain in the back 
of his neck for about 20 hours and vomit- 
ing 5 or C times Avithin the past 4 hours. 
Physical examination was essentially nega- 
twe except for a rigid neck; temperature, 
103° F.; pulse, 120; respirations, 40. Lum- 
bar puncture showed purulent fluid with a 
cell count of 2400, predominantly poly- 
morphonuclears; protein of 225 mg.; glucose, 
again too low to read; chlorides of 710 mg. 
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Culture of both the blood and spinal fluid 
revealed H. infiuenzse. He was treated with 
intravenous sulfathiazole, 5% glucose intra- 
venously, and repeated blood transfusions, 
getting 500 cc. whole blood daily for 3 days. 
At times he would become maniacal and had 
to be hea^dly sedated. On the 4th day he 
was able to take oral medication and was 
put on sulfapyridine, 2 gm. every 4 hours. 
By the 10th day he was alert, asymptomatic 
and against all medical ad^dce signed his 
release and left the hospital. 

Fourth Admission (Feb. 21, 1944). Again 
the patient was brought into the hospital 
in a semicomatose condition with a history 
of "running nose” and a cough the night 
before. He went to work complaining of a 
headache but returned home 2 hours later 
and became “wild” and soon lapsed into 
semicoma. Physical examination was essen- 
tially the same as on .previous admissions. 
Temperature, 104° F. rectally; pulse, 128; 
respirations, 32. Lumbar puncture showed 
opalescent fluid under increased pressure. 
Spinal fluid glucose was 30 mg.; protein, 
375 mg.; chlorides of 660 mg. Both blood 
culture and spinal fluid culture were positive 
for pneumococci Type XI. The patient was 
given sodium sulfamerazine, 9 gm., intra- 
venously, continuous 5% glucose by vein 
and sedation as on previous admissions. 
Two gm. of sodium sulfamerazine were given 
intravenously every 8 hours until the 4th 
hospital day when the drug was administered 
orally. On the 2nd hospital day he received 
400,000 units of Type XI antipneumococcic 


the same nature as upon previous admis- 
sions; temperature, 104° F. rectally;, pulse, 
140; respirations, 30. Lumbar puncture 
showed a pressure of 440 mm. water manom- 
eter; the fluid was cloudy with a positive 
Pandy and cell count of 5310 polymorpho- 
nuclears. Smear disclosed many gram posi- 
tive extracellular diplococci. Culture of 
spinal fluid revealed pneumococci Type XX; 
spinal fluid glucose of 8 mg.; protein of 
450 mg. Urine showed 4-f albumin with 
many red blood cells and white blood cells 
per high power field; white blood cell count, 
17,500; red blood cells, 4.4 million with 80% 
hemoglobin. 

Ten thousand units of penicillin in 10 cc. 
of saline were instilled intrathecally and this 
was repeated daily for 4 days. In addition 
the patient was given 40,000 units of penic- 
illin intramuscularly every 3 hours and an 
initial dose of sodium sulfadiazine, 6 gm. 
intravenously; If gm. of the same drug 
were injected every 4 hours intravenously. 
Continuous intravenous fluids were given 
and sedation as before. Patient remained 
in coma for 4 days, temperature rose to' 
106° F. and he expired on the 4th hospital 
day. Total medication over a 4 day period 
was 40,000 units of penicillin intrathecally, 
520,000 units of penicillin intramuscularly, 
and 41 gm. of sodium sulfadiazine. 

Summary of Autopsy Findings. The bod,y 
was that of a Avell-developed and well- 
nourished white male who weighed 63 kg. 
and 173 cm. long. The pupils were round 
and equal, not dilated or constricted. The 


serum intravenously. He became progres- 
sively better and went home at the end of 
12 days. Just before he left the hospital 
Roentgen rays of the paranasal sinuses were 
taken and thej’’ showed clouding of the eth- 
moid and sphenoid sinuses. No specific 
therapy was instituted for this latter con- 
dition. 


Fifth Admission (April 16, 1947). Once 
more the patient came to the hospital irra- 
tional. History was that of headaches for 
8 hours and extreme restlessness for the 


past 4 hours. He had made the comment 
to his wife the night before, "I guess Fra 
conung down with meningitis again because 
^linal fluid has been dripping from my nose.” 
One other fact which may be of some sig- 
nificance is that he was struck on the face 
"ith a rivet while at work about 1 week 
prior to entrance. Physical findings were of 


peritoneal ca^dty was free of fluid; the serosal 
surfaces smooth and glistening. The lower 
pole of spleen was at the ninth rib in the 
midaxillary line. The liver was 3 cm. below 
the costal margin and 8 cm. below the 
-xiphoid. Both halves of the diaphragm 
were at the level of the fourth rib. 

^ The pleural ca\dties were free of adhe- 
sions; the pleura smooth and shiny. The 
pericardial sac contained 15 cc. of straw 
colored fluid. The lungs were both crepi- 
tant, their cut surface dark purple and red 
and wet. On pressure a large amount of 
frothy fluid escaped. The trachea and 
bronchi were lined by a congested and 
edematous mucosa. 

The heart weighed 300 gm. The valves 
were normal, the muscle good; the coronary 
arteries showed a few fatty plaque^; 

The liver weighed 1400 gm.; the capsule 
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wns sinootli .'ind nhiiiy, tlio coiisistoncy firm; 
on Fcction lobular inarkincs wort? fiisliucl. 

The Kall-bladdor and ducts were iiormnl. 

The spleen, pancreas, adrenals were not 
reinnrkablo. 

The kidneys weiijlied tloO nin. total. The 
capsule stripi)cd witii ease, leaviuf; a smooth 
surface. On .cection, the inarkinps between 
the cortex and medulla were distinct. Sulfa 
crj’.stals were present in (he renal i)elvis. 
Bladder and prostate were normal. 

The ))rain weiphed 12.">0 pm. Over it.s 
convexity, near the pons, and around the 
vermis of the cerebellum, tbere was yellowish 
pus alonp the course of the blood-ve.sscls. 
Over the left i)ariotnl and occipital lobe.s 
was an extensive subarachnoid hemf)rrhnpe, 
10 by 8 cm. There was moderate atrophy 
of the pj’ri of the frontal lobes, the remainder 
of (he pjt! were markedly flattened and (he 
sulci shallow. 

The skull showed 2 small •pcrjoralions be- 
hind (he Crista Galli which led to the ethmoid 
air cells and into the vasophariinT. 

Summary and Comment. 1. Five at- 
tacks of meningitis arc a great rarity. 

2. On 4 occasions the infecting organ- 
ism was a pneumococcus, each of a (liffcr- 
ent type. In 1 instance //. influenza was 
responsible for the meningitis, a form of 
meningitis that seldom occurs in adults. 


8. On -1 occasions, including the attack 
of influenzal imuiingitis, the j)atient recov- 
ered without intrathecal treatment or 
frcqtient taps for drainage of cerebral 
.si»iiial fluid. In the first attack there was 
1 himbar puncture before atimi.ssion and 
1 after; only 1 j)uncturc was made during 
each of the next 3 infections. In the 
fifth and fatal attack there was a fiaily 
puncture* with intrathecal penicillin until 
death. 

4. During the fatal illness, therapy 
included the administration of penicillin 
intrathceally. .•\t autop.sy there was an 
extensive subarachnoid hemorrhage over 
the left parietal and occipital lobe.s. It 
seems possible that intrathecal ])cnicillin 
may have contributed to thi.s complication. 

o. The autoj)sy rliselosed a ready path- 
way for intracranial infection; 2 small 
perforations behind the Crista Galli lead- 
ing into the ethmoid air cells and so to the 
nasopharjnix. 

0. In every case of pneurnocoeeic men- 
ingitis it is advisable to have roentgeno- 
grams of the skvill with special reference 
to the sinuses. 
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The number of reports on alirbe fomlrin^ev^y good textbook 

learned by bone marrow ^ j hematology, such as the recent ones of 

grown impressively since Armken s fa mitbv and Britten, Wintrobe'^ and 

description of sternal aspiration in 1929, \yutby ana orit , 
less than 20 years ago. This Review out- ICracke. 


lines briefly those features of mairov 
examination which are of practical impor- 
tance in clinical pediatrics. Emphasis is 
given to the more recent contributions 
the contained bibliographies refer back to 
earlier papers. For more detailed suiveys 


To evaluate and interpret the findings 
in an aspirated specimen of marrow one 
must be aware of the limitations of the 
approach as well as its positive worth as 
a source of information. The procedure is 
done so differently in different clinics and 


7Z ZZ. ; inLnc; a:rcl.Mhood the range of normal variation is so great, 
the reader is referred to the primary that it is not vise to draw precise c^- 
articles by Vogel and Bassen» (“Sternal parisons between one report and another 
Marrow of Ciiildren in Normal and in or between normal and questionably bor- 
Pathologic States”). Diwany« (“Sternal derline states. Many of the principles and 
Marrow Puncture in Children”), Shapiro standards employed are of a statistmal 
and Bassen'*® (“Sternal Marrow Changes rather than of an absolute nature, ihe 
During tire First Week of Life”), Kato-» pathologist and clinician when examining 
(“Sternal Marrow' Puncture in Infants a specimen should know; (o) The bone 
and in Children”), SmitM'*’ (“Blood Dis- from rvhich the specimen comes; (b) The 
orders in Infancy and Childhood”), and manner of collecting and preparing the 
others. An excellent critical survey of specimen; (c) The limitations of the 
techniques, normal values and sources of metliod; (d) The age of the child and 
error is that of Osgood and Seaman^ normal conditions at that age; (e) The 
(“The Cellular Composition of Normal disease the patient is suspected of having; 
Bone Marrow as Obtained by Sternal (/) The patient’s peripheral blood picture; 
Puncture”). This deals with children as and (ff) The significance of any changes 
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which may he ciicotiiitoml, siicli as (1) 
hyiJcrplasia or (2) liypoplasia of any or 
all of the normal cclhilar elements, (H) 
inrihration or proliferation of ahnormal 
cells, (•}) presence of ))rotiwoan parasites. 

Preliminary Considerations. Honm^Fhom 
W nicH Tin: Spixt.mk.n’ Co.mks. It lias lonj; 
been known that dnrinp the first few years 
of life the marrow of jiraclically all hones 
is red and cellular. Fat cells hepin to 
ajipcar between the ages of b and 7 years. 
With progressing age the active marrow 
recedes gradually from the distal portion 
of the skeleton toward the trunk until, at 
about age IS, active hcmojioicsis lakes 
place normally only in the vertchne, ribs, 
sternum, skull, innominate bones, and 
pro.vimal epiphyses of femur and humerus. 

In the premature and newborn the 
sternum, the tibia or the femur may be 
used as the source of marrow. ,\ftcr early 
infancy the sternum has proved almost 
universally the site of choice. It is easy 
of access, and its marrow remains free 
from the normal fatty changes which 
affect the long bones as the child grows. 
Diwany*'* and Kato-*’ have devoted much 
attention to the pattern of growth in the 
sternal centers (“sternebrai”) from the 
standpoint of facilitating marrow punc- 
tures. The ossification centers of the 
sternum appear at the sixth month of 
intrauterine life, first in the manubrium 
then in the other sternebra;. The centers 
appear in pairs, one on each side of the 
midline; in each segment the pair of 
centers later fuse into a larger one. At 
birth the manubrium already displays one 
large fused mass, whereas the next tlirec 
segments contain small paired centers 
separate from each other. Fusion of the 
centers is not always regular and uniform ; 
pairing may persist in the lower segment 
of the sternum as late as the twelfth year. 
Puncture in children should always be 
done opposite an interspace, in order to 
avoid the cartilaginous partitions which 
separate the sternebrse. 

Manner of Collecting and Prepar- 
ing THE Specimen. “ The ideal method of 
obtaining marrow specimens would permit 


rcinovid of .n large ri!j)rc.scntative, mens- 
iircd specimen in such form that accurate 
cell idcntifi(;ati()n ami count.s of each type 
of ci.'li may he obtained anti idl structural 
relationships coiihl bo observed" (O.sgood 
ami SejiinaiP^). Unfortunately, no such 
ideal mclhotl is ftsisibh;. The ai’ailablc 
tcehnifpies for ctillection of marrow fall 
into two classes; (a) procurement of ji 
buttfin of m.'irrow by trephine; (h) inspira- 
tion through a needle. 

The button of marrow secured by biopsy 
permits the ready preparation of both 
imprint iind microscopic sections. Micro- 
scopic seclion.s preserve cell relationships 
and inelufh; all type of cells. Disadvan- 
tagc.s’ iirc the necessity for using the 
operating room, the longer time in arriv- 
ing at a full report, the residual scar, and 
the possibility of missing patchy lesions. 
Differential counts may be grossly in 
error; in a transverse section only uniden- 
tifiable segments of some cells will appear, 
and small cells can be obscured by other 
overlying cells. Needle aspiration is 
simpler to perform and is widely employed 
in pediatrics. Cell morphology is excellent. 
Unfortunately the anatomic positions of 
the various cells .in relation to each otlier 
are not reconstructable and all cells are 
not always equally aspirated. Aspirated 
peripheral blood may confuse the picture. 
Suspensions can be made to obtain quanti- 
tative total nucleated cell counts which 
give a rough idea of the cellularity of the 
marrow, and the smears enable one to 
make accurate cell identification and dif- 
ferential cell counts. 

Limitations of the Methods. Dif- 
ferences in technique of dealing witli 
aspirated marrow lead to wide variations 
in the final counts. This makes com- 
parisons of the findings of different autliors 
confusing. As Osgood and Seaman®* com- 
ment; "Any article purporting to give 
the data on marrow of normal individuals 
should state the number, age, sex, race, 
criteria of health, geographic locality 
where the study was made, the altitude, 
and the general nutritional status of the 
subjects examined, as well as indicate 
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whether the women studied were pregnant 
or non-pregnant and, in the case of the 
latter, the relationship of the time of 
obtaining the marrow to the menstrual 
cycle.” 

Doan and Zerfas^^ summarize the dif- 
ficulties encountered in the study of the 
bone marrow; “Any attempt at a quanti- 
tative estimation of the various cellular 
elements making up the bone marrow 
must, in the very nature of the survey, 
always be open to many questionings : the 
limitation inherent in any technique used, 
the fallacies inescapable in trying to draw 
any general deductions from even 1000 
or 2000 cells counted out of the multiple 
millions present in any functioning bone 
marrow, the much debated questions of 
identification and classification of im- 
mature forms, the many factors known 
and unknonm affecting hemopoiesis in any 
particular individual; all of these and more 
make it necessary to be conservative in 
the drawing of deductions from any one 
limited series of observations or in trying 
to compare the figures obtained from dif- 
ferent investigators.” 

Age oe the Child and Range of 
Normal Values for the Age. A num- 
ber of authors have attempted to deter- 
mine the marrow picture of normal chil- 
dren at various ages. Such surveys have 
been reported by Tecilazic,^^ Kato,^** Vogel 
and Bassen,^® Veneklaas,^^®'*’ Shapii’o and 
Bassen,^® Diwany,^® and others. Osgood 
and Seaman®® have recently compiled the 
findings in children in terms of a uniform 
nomenclature. Interested readers are 
referred to the original authors and the 
paper by Osgood and Seaman for exact 
data. 

The general distribution of marrow cells 
>n the normal child may be summarized 
as follows; Nucleated red cells will range 
from 12 to 25% of all nucleated cells; 
eosinophils, 2 to 6%; lymphocytes, 5 to 
35%; granuloblasts (myeloblasts), 1 to 
*4%; other myeloid cells of the granulocyte 
series, 4.0 to 60%; miscellaneous (mega- 
karyocytes, reticulum cells, plasma cells, 
monocytes, basophils, etc.), 0 to 6%. 


These ranges are valid for children of all 
ages, from the premature and newborn 
up through puberty. They represent the 
usual findings, not the extremes of normal 
variation. Osgood and Seaman comment 
that the differences in differential cell 
counts in children and adults are relatively 
slight compared to the variations in the 
figures of different investigators for the 
same age group. If there is any significant 
difference between children and adults it 
is a slightly higher percentage of granulo- 
blasts (myeloblasts) and progranulocytes 
(promyelocytes) and a slightly lower per- 
centage of neutrophil lobocytes (poly- 
morphonuclear neutrophil leukocytes) in 
children. 

It must be borne in mind, too, that 
considerable variations, especially quanti- 
tative, may occur in a given case in dif- 
ferent stages of the disease, where repeated 
examinations are being made. 

Certain generalizations have been made 
by several workers, which seem indicative 
of positive trends. On the day of birth, 
the percentage of erythroid elements is 
high, 30 to 65 %, and falls steadily during 
the first week so that by the seventh Ray 
it may be only 12 to 40 This reflects 
the curtailed production of new red cells. 
Tlie percentage of myeloid cells goes up 
in reciprocal relationship. 

In Kato’s®® series, the small lympho- 
cytes predominated over the myeloid 
elements in the first 2 months. The 
majority of these lymphocytes were small, 
with heavily condensed nuclear chromatin 
and scanty basophilic cytoplasm. Typical 
blood lymphocytes of the medium and 
large varieties were rarely found in the 
marrow of young infants. In the erythro- 
genlc series the majority of cells were 
fairly mature normoblasts. Karyorrhexis, 
Howell-Jolly bodies and Cabot rings were 
not found in normal infants and children. 
Megaloblasts were also consistently ab- 
sent. The myeloid-er3i;hroid ratio was 
lower for infants and children up to 4 years 
than for older children and adults. 

The total number of cells per unit 
lolume of aspirated marrow appears to 
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l)t! liighcr in infants and younj^ cliilflrcn 
tlian in the older af;e }'roui),s.''’'’^ Tiic 
values for total nucleated cell eovmts j)er 
cubic luillimctcr of sternal marrow averagj- 
about 150,000 to 000,000, with normal 
variation as low as 50,000 and as high as 
1,000,000 (Vogel and IJasscn)/^ 

Children have a slightly higher per- 
centage of myeloblasts and ijromyeloeytes 
and a slightly lower percentage of neutro- 
j)hils than do ndults.®“'^^' In prematures 
this tendency is more marked; the marrow 
is nsvially more hyperplastic and immature 
in prematures than in full term infants. 

The SusrECTEU Dise.\se and the 
Peiui'IIEkae Bi.001) Pictuhe. The blood 
picture is not always an accurate reflection 
of the histologic status of the marrow.® 
Tlic peripheral blood may .show all the 
features suggestive of a hypoplastic mar- 
row such as anemia, leukopenia or throm- 
bocytopenia, individually or in combina- 
tion, and yet the marrow on examination 
may prove to be crowded with the respec- 
tive families of cells, or e.xhibit aplastic or 
hypoplastic changes, aleukemic leukosis, 
invading lymphosarcoma or other neo- 
plasm, or Gaucher's disease. Thus, the 
physician must have both types of in- 
formation available, in order best to 
appraise the positive* findings. 

Tlie limitations of marrow examination 
might make it seem as if the procedure 
had but little clinical value. This is not 
the case; with increasing experience it is 
becoming more and more valuable. These 
limitations do emphasize, however, the 
importance of observing all the recognized 
precautions, if the results obtained are to 
be relied upon. 

Significance of Changes. Hyperplasia 
OF the White Cell Components. The 
cells of the myeloid series tend to pro- 
liferate during most acute pyogenic infec- 
tions, usually with an increase of more 
immature cells.®® The degree of immatur- 
ity seems usually to parallel the stage and 
severity of the infection. In infections 
associated loiih peripheral neutropenia, the 
leukocytic elements of the marrow may 
be either increased or decreased. 


In infrrlioitu mnnonunlensis Freeman’® 
reported infiltration of the marrow with 
abnormal cells similar to those in the 
!>lood stream. Vogel arnl Uassen*® and 
others,®’ however, failed to corroborate 
this. Limarzi, Ihud and Ponchcr’® have 
recently dascribed sternal a.spiration in 
25 cases of infectious mononucleosis. Their 
patients ranged in age from 13 months to 
35 years. The marrow was nearly always 
hyperplastic with an increase in immature 
granulocytes but without proliferation of 
atypical lymphocytes. Toxic granulations 
were seen in many of the neutrophilic 
myelocytes but not in the metamyelocytes. 
The blood neutrophils .showed to.xic granu- 
lation and a moderate shift to the left. 
The authors suggest that in this disease 
a noxious factor affects many of the myelo- 
cytes and prevents their differentiation to 
neutrophils, leading instead to the develop- 
ment of toxic band forms. This behavior 
of the marrow contrasts with that in 
lymphatic leukemia, in which character- 
istic replacement with leukemic cells takes 
place regardless of tlie blood findings. 
Sternal puncture thus becomes an impor- 
tant aid for differentiating benign from 
malignant types of lymphocytosis. 

In acute infectious lymphocytosis the out- 
standing feature in the marrow is the 
increased number of normal small lympho- 
cytes.'"“ Myeloid elements and nucleated 
red cells are normal in quantity. The 
values in 2 patients, aged 5 and 9 years, 
were 43 and 42% lymphocytes, respec- 
tively, as compared witli the more usual 
lymphocytic range of 15 to 25 %. 

In smallpox Schretzmayr and Lan- 
caster®’^ found in the marrow both a rise 
in immature myelocytes and a “ character- 
istic” increase in cells of the reticulo- 
endothelial system, plasma cells and retic- 
ulum cells. At times there was also an 
increase of the lymphocj^tes, correspond- 
ing to the Ij’^mphocytosis generally present 
in the blood. 

In Banti’s syndrome {chronic congestive 
splenomegaly) myeloid hyperplasia has 
been described in the earliest stages when 
the peripheral blood shows a moderate 
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anemia and. leukopenia.'*^* Later the 
marrow findings consist of a “ maturation 
arrest” of the myeloid and megakaryocyte 
tissues. In the final stage normoblastic 
hyperplasia also appears. 

In perttissis Landolt*^^“ found, in a study 
of 12 children, that the marrow tends to 
be hyperplastic, Avith numerous eosinophils 
and immature myelocytes. There was no 
increase in the lymphocyte content of the 
marrow: the proportion of lymphocytes 
ranged from 9 to 22% (average 15.5%) 
though samples of peripheral blood at 
the time of marrow examination had 
absolute lymphocyte counts up to 43,000. 

Hyperplasia of the Red Cell Com- 
ponents. Hyperplasia of the red cell 
elements is a regular feature of hemolytic 
anemias. Wintrobe^*^ states that in these 
disturbances as many as 60% or more 
of the nucleated cells in smears of sternal 
marrow as obtained by puncture or biopsy 
may belong in the erythrocytic series. 
Smith^i*> thinks that nucleated red cells 
in excess of 50 % of all the nucleated cells 
of the marrow constitutes an important 
diagnostic feature in hemolytic anemia. 
Smith finds the marrow hyperplastic in 
the hemolytic anemias Avith an increased 
proliferation of normoblasts and to a lesser 
e.xtent of erythroblasts. Granulopoiesis 
may also be active. In iron deficiency 
anemia and in chronic hemorrhagic anemia 
granulopoiesis is normal. 

Most authorities* agree that in 
^roa deficiency anemia the bone marrow 
wntains an excess of nucleated red cells, 
■these are largely normoblasts; few if any 
aiegaloblasts are found. Scott,®* for ex- 
ample, describes the erytlmoblasts as in- 
creased to a degree roughly proportional 
to the anemia. The predominant and 
c niracteristic cell is a small mature poly- 
c aromatic normoblast having an irregular 
''od jagged cell outline Avitli a small rim 
0 slate-grey cj'toplasm around the pyk- 
^otic nucleus. According to Scott, when 
, Os cell dominates in erythropoiesis; an 
'*■011 deficiency may be inferred. IVith 
onset of treatment the erAiliroblasts in- 
steadily until a peak is reached 

'ou 2 i 4_ nrcr.MixEB. 1P47 


parallel Avith the maximal reticulocytosis 
in the peripheral blood. 

In congenital hemolytic jaundice {sphero- 
cytic anemia) Limarzi®® noted the bone 
marrow to be hyperplastic at the normo- 
blastic stage. Leukopoiesis is also in- 
creased. Following splenectomy the num- 
ber of normoblasts decreases. Scott®® found 
in this condition a great increase in 
erythroblasts, which form 50 to 75% of 
the cells in the puncture films. There 
appears to be little correlation between 
the erythroblast percentage, the degree of 
anemia, and the peripheral reticulocytosis. 
There is no change in the erythroblasts to 
foreshadow the abnormal shape of the 
mature red cell. 

In Mediterranean {Cooley’s) anemia the 
bone marroAv is hyperplastic with many 
parent stem cells, nucleated red cells, 
myelocytes and megakaryocytes.^*' Some 
phagocytes contain small amounts of 
hemosiderin. Foam cells present in small 
islands may give an appearance resembling 
Gaucher’s disease. 

As for erythroblastosis fetalis due to Rh 
incompatibility, Potter®^ comments that 
the bone marrow in most infants studied 
at the Chicago Lying-in Hospital series 
has been hyperplastic (as described also 
by other observers), but in a few infants 
the marrow could not be distinguished 
from that of an unaffected neAvborn. Occa- 
sional irregular areas are found in which 
blood cells are completely absent and the 
spaces between the trabeculse filled with 
mucoid connective tissue. Potter suggests 
that the progressive anemia in erythro- 
blastosis fetalis may be due in part to the 
bone marroAv remaining hypoplastic when 
blood formation stops in the liA^er after 
birth. 

In sickle cell anemia authorities are 
agreed that the marroAv show^s pronounced 
augmentation of normoblastic activ- 
ity .23.45 .« Limarzi®® states that the marroAv 
shows similar findings w’hether the spleen 
has been removed or not. "^Vintrobe® 
describes the marrow as consisting largely 
of nucleated red cells, chiefly normoblasts. 

^^Some polycliromatophilic normoblasts and 
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more iminiiturc forms miiy occur. Tlierc 
may be a moderate “.sliift to tlie left” in 
the myeloid leukocytes, and eosinoi)hils 
may be relatively nnmerons. IMe^jakaryo- 
cytes may be present in incrcascfl number, 
monocytes may contain ingcstcfl red cor- 
puscles, and nuclear fragments as well as 
pigment granules may be scattered about. 
In several specimens Wintrobc lias ob- 
served long, filamentous bands of what 
appears to be erythrocytic cytoplasm 
which may c.xtcnd across the whole oil- 
immersion microscopic field. 

In ankylostomiasis with anemia Diwany"’ 
found marked changes in 9 of 10 children 
studied. Erythroblastic and normoblastic 
hyperplasia was marked. The cytoplasm 
of the nucleated red cells was commonly 
basophilic or polychromatic and numerous 
mitotic figures were seen in almost every 
case. Eosinophils were invariably present. 
This picture is described as resembling 
that in post-hemorrhagic anemia and is 
compatible with the view that ankylos- 
tomic anemia is due to chronic blood loss. 
In long-standing ankylostomiasis with 
severe anemia Schretzmayr and Lan- 
caster®^ found the pattern to change to 
that of an aplastic marrow corresponding 
to the other signs of aplasia, c. g., general 
wasting, museular atrophy, and a dry 
thin skin. 

Zuelzer and Ogden®® have directed at- 
tention to a form of macrocytic anemia, 
designated megaloblastic anemia, seen in 
25 infants. A eharacteristic dysplasia is 
found in the marrow, with both erythro- 
poiesis and leukopoiesis being affected in 
a manner similar to pernicious anemia. 
The precursors of the red cells show 
“prevalence of ‘young’ basophilic and 
polychromatic cells; limitation of mitotic 
activity, mainly to tlie earliest stages of 
maturation; abnormal karyokinesis, with 
tripolar or multipolar mitoses and atypical 
chromosomes; an abnormal nuclear struc- 
ture, which stamped these cells as megalo- 
blasts in the restricted morphologic mean- 
ing of the term . . .; lobulation and dis- 
tortion of the shape of the nuclei; an 
increased tendency to denucleation by 


karyorrhe.xis anti sometimes by ktiryolysis, 
and an incretise in the size of the cells 
and in the relative amount of cytoplasm 
at all levels of maturation.” The granulo- 
cytes have a similar “shift to the left;” 
they are usually cnlargetl and their nuclei 
often hyjicrsegmcnted. The charactcristias 
of the circulating blood are a normo- 
ehromie and usually m.'icrocytic anemia, 
leukojieniii, neutropenia anti thrombo- 
penia. The patients c.xhibit a specific 
response to a hemopoictie factor contained 
in liver e.xtract, folic aeitl concentrates and 
pure folic acid. 

Amkuation’.s i.\ Meg.vkauyocytes. 
Alterations in the megakaryocytes have 
not been deemed of much pediatric sig- 
nificance c.xccpt in hemophilia and the 
piirpnras. Limarzi, Ponchcr and Birclr® 
reported on the marrow findings in 4 
patients with hemophilia. During the 
remission phase there was a normal quanti- 
tative and qualitative pattern for the 
erythroid, myeloid and megakaryocytic 
elements. During the bleeding phase, in 
contrast, the marrow was hyperplastic 
and the mature megakaryocytes were in- 
creased. 

Nickerson and Sunderland®® comment 
that in the marrow from patients with 
idiopathic thrombocytopenic purpura hemor- 
rhagica marked ^•ariation is seen, not only 
between different cases but in repeated 
specimens from the same case. A distinct 
increase of young forms is noted, together 
with a slight increase in adult forms, and 
a corresponding diminution of degenerat- 
ing megakaryocytes. Dameshek and 
Miller’ described megakaryocytes as being 
moderately increased in acute purpura 
hemorrhagica, but with diminished plate- 
let production; following splenectomy, 
platelet production became more active. 
Schwartz®® commented that spontaneous 
recovery is more likely to take place when 
the eosinophils in the marrow are plentiful. 
He studied 30 patients with “primary” 
thrdmbocytopenic purpura, and found 
that the}’' could be grouped into two 
types: (a) those with increased number 
of eosinophils in the marrow (above 50 
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per 1000 granulocytes); (6) those with no 
increase in marrow eosinophils (below 50 
per 1000 gi’anulocytes). Of 14 patients with 
low counts only one recovered spontan- 
eously, Avhereas 12 of 16 patients with 
high marrow eosinophil counts recovered 
spontaneouslJ^ He suggested that the 
high eosinophilia is a rnanifestation of an 
allergic state, and that patients having 
high eosinophil counts owe their thrombo- 
cytopenia to sensitization or “allergic” 
phenomena. 

Hypoplasia and Aplasia. Aplasia and 
hypoplasia of the entire bone marrow 
system must be rare in childhood, since 
one finds few references to the condition 
in this age period. The precipitating 
causes in adults may be benzol, organic 
arsenicals, gold compounds, radio-active 
substances, irradiation with roentgen rays, 
and other chemical and physical agents.^’ 
These offenders can doubtless give rise 
to the same disturbance in exposed chil- 
dren. 

Diwany^® describes a generalized depres- 
sion of the bone marrow in 2 children 
with cretinism. The main feature was the 
low total count, indicating marrow hypo- 
plasia. In 1 patient, aged 12 years, the 
total nucleated cell count which had been 
40,000 per c.mm. rose to 190,400 after 
1 month’s treatment Avith thyroid prepa- 
rations. The nucleated red cells slioAA’-ed 
'^ery slight rise— from 11.2 to 15%; the 
blood hemoglobin from 30 to 60%. 
Depression of the bone marroAA^ is A'ieAved 
as a manifestation of the general sloAAung 
doAA’n of all metabolic processes AAdiieh 
occurs in hypothyroidism. 

Diamond and Blackfan® describe a form 
of congenital chronic anemia as “hypo- 
P^tic.” This disturbance is characterized • 
cimically by anemia and production 
of reticulocytes at an extremely Ioaa’, al- 
oiost negligible, rate. Such children re- 
rpure repeated transfusions at regular 
>nter\>als for maintenance of life. In 4 
^jiscs, Blackfun and Diamond described 

* inarroAA' as being in “ moderate hvpo- 
plasia.” * 

Fnnconi,»- Dacie and Gilpin® and Win- 


trobe^' have reported instances of a. familial 
anemia characterized by pigmentation of 
the skin, hypoplasia of the gonads, and 
dcAfelopmental anomalies. These patients 
exhibited anemia, leukopenia, thrombo- 
cytopenia and underactivity of the bone 
marroAV. 

Estren and Dameshek^® have described 
a familial “chronic hypoplastic anemia.” 
Examinations of the marrow, carried out 
in 3 of 6 siblings in one family and 5 of 
14 siblings in another, revealed marked 
hypoplasia with a decreased number of 
megakaryocytes. Granulopoiesis and er- 
ythropoiesis Avere orderly and qualita- 
tively normal but quantitatively markedly 
diminished. - 

Whitby and Britten'*® comment that 
Avhen the bone marrow is partially replaced 
by implants of foreign tissues or by an 
overgroAvth of the bony tissue proper, 
the remaining or adjacent marrow may 
be stimulated or irritated into excessive 
myeloid and erythropoietic activity. The 
changes that may be found in the periph- 
eral blood include an anemia that is some- 
times severe and a A^ariable leukocytosis 
that is not often great, but composed 
partially of a number of primitiA'^e myeloid 
cells. The descriptive title of leuho- 
erythroblastic anemia has been suggested 
by Vaughan.*® The red cell changes are 
characterized not so much by anemia as 
by the appearance in the blood of young 
red cells and nucleated forms— a “shifting 
of erytliropoiesis to the left.” 

In “marble bone disease” {Albers-Schdn- 
berg disease) an aplastic or myelophthisic 
anemia develops in about one-fourth of 
the cases.*® Similar marroAV changes may 
occur in osteogenesis imperfecta and other 
congenital bone diseases.*- 

Depression of White Cell Compo- 
nents. The cells of the neutrophilic® 
series are the first and most often affected 
in svlfonamidc reactions. The A'alue of 
bone marrow studies in sucli agranulocjiiic 
manifestations has been discussed fully 
b' Smith,"**® AA'ho points out that the bone 
marroAA’ is the site of origin of the myeloid 
elements and the place Avhere the full 
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extent of clninage to the miiture granulo- 
cytes and their precursors may be ex- 
amined at first hand. The toxic effects of 
sulfonamides on the bone marrow are 
represented by varying degrees of sup- 
pression of granulocytic elements and at 
times by a diminished total cclhdar con- 
tent. In mild injury both promyelocytes 
and myelocytes arc present, whereas the 
severe and fatal type presents an arrest 
in development at the myeloblast stage 
with a complete absence of more mature 
granular cells. If marrow examination 
reveals that myelocytes and more mature 
poljTnorphonuclcar cells arc numerous, 
the sulfonamide therapy need not be dis- 
continued if the need for It is urgent. 
Repeated bone marrow studies arc re- 
quired, however, to guard against a sudden 
shift to an immature level. A marked 
reduction in the more mature elements 
and an increase in stem cells and in 
lymphocj'tes calls for immediate with- 
drawal of the drug. 'With recovery, myelo- 
cytes make their appearance in increasing 
numbers and are followed by more mature 
neuropliils. 

Replacement of the bone marrow by 
blast cells, as in leukemia, does not occur 
in leukemoid reactions.^'’ 

Haden,*^ Hjmes'® and Wintrobe” point 
out that a marrow examination aids 
greatly in the study of a patient with 
leukopenia. If the granulocytes are absent 
due to some drug, the marrow may con- 
tain an abundance of immature myeloid 
cells, largely late myelocytes and meta- 
myelocytes, owing to interference with 
maturation. In the early stages of agranu- 
locytosis the cellularity is normal but 
practically all the myeloid cells are myelo- 
blasts. If death takes place from sepsis 
mth partial remission of the blood picture, 
the marrow is hyperplastic and crowded 
wdth young neutrophils. "VSTien the disease 
has lasted for some days, the myeloblasts 
may disappear, leaving lymphocj’tes and 
plasma cells as the only Ieukoc 3 i:es in the 
marrow. 

Cellul-vr Iotiltrations. Any disease 
characterized by dissemination or pro- 


liferation of reactive cells throughout the 
bodj' can be cxjjcctcd to show involvement 
of the marrow, particularlj’ since the mar- 
row has an abundance of reticulo-endo- 
thclium. Tlie fliscascs in which aspiration 
of marrow can accordinglj' serve as an aid 
in diagnosis of suspected cases are the 
leukemias, neoplasms and disturbances of 
cellular lipid metabolism. 

Leukemia. Leukemic cells predominate 
in tlie bone marrow in leukeraia.'^'*®'’^'^'*’'^® 
Involvement is usualK- diffuse but ma.v 
be nodular or patchj’. Vogel and Bassen,^^ 
for example, have described the marrow 
in 12 children with acute leukemia. Acute 
Ij'mphatic leukemia was characterized bj' 
practicallj' entire replacement of the nor- 
mal cells with Ij'mphoblasts and l\'mpho- 
cj’tes (over 95 %). Acute mj'eloid leukemia 
was characterized b>' replacement with 
mj'elocN’tes and mj’eloblasts (over 95%). 
TJiere was an associated diminution of 
the red cell and megakaryoc.vtic elements. 

Sternal puncture is of especial value in 
the recognition of “ aleukemic” leukemia. 
The marrow may be highlj' cellular, filled 
witli leukemic cells. In some cases the 
cellularitj' has been found reduced with- 
out anj' change in the differential count.®® 

VTien the peripheral blood count is high 
in the thousands, it maj' be impossible to 
be certain that the puncture films rep- 
resent marrow rather than blood, since 
the marrow composition maj' not be sig- 
nificantlj^ different from peripheral blood.®® 
One expects to find more blast forms in 
leukemia than in the hj^jerplasia of simple 
leukocytosis. Hjmes‘® states that in leu- 
kemia the production of red cells is de- 
pressed with the percentage of erjdhro- 
blasts being almost equal to that of 
normoblasts. This “maturation defect” 
is probably associated with the macrocj^ic 
anemia which often accompanies leukemia. 

In acute cases it maj"- be difficult to 
distinguish between Ijnnphoblasts, mj^elo- 
blasts and monoblasts. Cells of inter- 
mediate maturity and mature cells help 
in the identification. Scott®® comments 
that the finding of over 40% of lympho- 
cytes in the marrow suffices for a positive 
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diagnosis of lymphatic leukemia, whereas 
a normal count does not exclude the con- 
dition. 

Neoplasms. Infiltrations of the marrow 
by metastatic tumors are thoroughly fa- 
miliar to the roentgenologists, who do not 
hesitate to make the diagnosis from the 
roentgen shadows of affected bones. 
Landolt’s^^^ recent report describes mar- 
row aspirations in 47 children with cancer 
(mostly sarcoma and neuroblastoma). In 
neuroblastoma the characteristic tumor 
cells were recovered from the bone mar- 
row in 11 of 16 cases examined, thereby 
establishing the diagnosis. In these pa- 
tients many macrophages were present in 
the marrow, and macrophage mitosis was 
observed. With reticulum cell sarcoma 
the sarcoma cells were identified. Even 
when no tumor cells were recognized in 
the smear, an increase in reticulum cells 
and immature myeloid cells usually sug- 
gested the diagnosis. Smith^^** states that 
with neuroblastoma, clusters of primitive 
cells can be observed in the counting 
chamber which appear in the films as 
large immature cells forming syncytial 
niasses simulating a mosaic pattern. 

In Hodgkin’s disease ^ the bone marrow 
findings have been variable and non- 
specific. Lesions are focal rather than 
diffuse. There may be a shift to the left 
in the myeloid series, a slight monocytosis 
or moderate eosinophilia, and a relative 
reduction in nucleated red cells. 

In 6 cases of lymphosarcoma in Hynes’*® 
senes the marrow was normal. In 1 other 
case, associated with a chronic macrocytic 
anemia, sternal puncture produced mar- 
row containing 51 % small lymphocytes, 
% lymphoblasts, and only 14 % mature 
neutrophils. At autopsy he bone-marrow 
and other organs were e.xtensivel^^ infil- 
lrated witli IjTnphosarcomatous nodules. 

ffubinstein®® has described a 15 year old 
my ^vitll a pathologic fracture of the 
cniur, m whom sternal marroAV aspiration 
S'" e the first clue to tlie correct diagnosis 
n mvlfipJc myeloma. Repeated sternal 
aspirations yielded a marrow of low cell 
^nnnt (18,000 to 41,000 in 1 cm.), with 8 


to 25% plasma cells in the differential 
count. Otherwise there was normal cell 
distribution. The plasma cells displayed 
mitotic figures with double nuclei, multiple 
nucleoli, uneven staining, and vacuoliza- 
tion of the cytoplasm. 

Disturbances in Cellular Lipid Metab- 
olism. In Uiemann-Pick’ s disease'^^ typical 
large lipid-filled cells are seen which are 
round, oval, or polyhedral and filled with 
a web of hyalin droplets. Gaucher’s disease 
exhibits nests of characteristic large foam 
cells, 20 to 80 micra in diameter;^*® the 
cells are round, oval or spindle-shaped and 
usually possess one or many small eccen- 
trically placed nuclei. The cytoplasm 
stains faintly or not at all with fat stains. 
Examination of the sternal marrow of a 
10 year old boy with Gaucher’s disease by 
Chalmers^ revealed a hyperactive cellular 
marrow with an increase of erythroblasts 
and normoblasts and numerous Gaucher 
cells. Leukopoietic elements were reduced. 
In essential xanthomatosis of the normo- 
cholesteremic type— Hand-Schiiller-Chris- 
tian disease — aspirated marrow will be 
free from xanthomatous cells unless a 
lesion is aspirated directly. Young and 
Osgood*® report a negative finding in a 
sternal puncture done shortly after death 
in a boy of 5 years with xanthomatosis of 
the Hand-Schiiller-Christian type. The 
sternal marrow had escaped the infiltra- 
tion present in the marrow of other bones 
and in many other tissues as demonstrated 
at necropsy. 

Bacteriologic Examinations. In this 
country, sternal puncture has not been 
utilized to any extent as a device to 
recover organisms in obscure bacterial 
infections. In other countries the method 
has long been employed for finding the 
etiologic agents in typhoid fever, brucel- 
losis, streptococcal septicemia, subacute 
bacterial endocarditis, lobar pneumonia, 
tuberculosis and other infections. A few 
representative reports are here cited. 

In a patient with staphylococcus sep- 
ticemia, Ling, Hsueh ct alP found that 
sternal marrow cultures yielded a positive 
gro^^■th in 24 hours whereas blood cultures 
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clone i'll the same time were not positive 
until -IS lioiirs. 

Criscnlo^ has reported on eiiltnre of tlie 
sternal hone marrow in 14 aeutc cases of 
hrucellosis. The Brucella organism was 
isolated from the blood in 10. In 11 
patients cultured during the early stages 
of the disease, S presented positive blood 
cultures and 7 positive sternal marrow 
cultures. In an acute case with a gradual 
onset 3 months prior to hospitalization 
the sternal culture was positive; a year 
later, during an afebrile period wlicn the 
condition had become chronic, the culture 
was negative. 

Ling ct a/.-** performed 110 sternal mar- 
row and cultures simultaneously with 38 
patients diagnosed as leaving typhoid or 
paratyphoid fever. Both marrow and 
blood cultures showed positive growth in 
31 instances, and both were negative in 33. 
Marrow cultures yielded a positive growth 
in 44 instances in which the blood cultures 
were negative, whereas in only 2 instances 
did marrow culture fail to demonstrate 
the organism when the blood culture was 
positive. Success in this approach was 
attributed to the fact that in typhoid 
fever the reticulo-endothelial cells phago- 
cytize the organisms. Inasmuch as the 
bulk of the reticulo-endothelial system 
lies in bone marrow, spleen and liver the 
invading organism is demonstrable in 
those organs in large numbers. Marrow 
puncture is easier and safer than splenic 
or hepatic puncture. 

Protozoa. Protozoan parasites may be 
demonstrable in aspirated marrow when 
the peripheral blood seems free of their 
presence. The usefulness of this approach 
has been especially evident with kala-azar, 
malaria, and trypanosomiasis. Histoplas- 
mosis, toxoplasmosis'® and torula infec- 
tions should be recognizable also by mar- 
row aspiration. Success is largely due 
to the large amount of reticulo-endo- 
thelium in bone marrow. 

Chung® has reported on 171 cases of 
kala-azar diagnosed by sternal puncture. 
The majority of the patients were in the 
first two decades of life; many were infants 


under 1 year. As many as 40 Leishrnan- 
Donovan bodies could l)c seen in each oil 
immersion field. Many of the patients 
were also .sul)jcctcd to .splenic and hepatic 
puncture. Sternal puncture gave the 
highest percentage of positive results. 

Schrctzrnayr and Lancaster®' have de- 
scribed both a myelocytic and an erythro- 
blastic increase in chronic malaria— the 
latter change in response to the anemia. 
Proliferation of proerythroblasts and meg- 
aloblasts are similar to the findings in 
pernicious anemia. Gigantic ba'nd-forms 
and hypersegmented leukocytes may ap- 
pear. Examination of the marrow for 
parasites reveals many more sexual forms 
than in the blood. In subtertian malaria 
gamctocytes may be numerous in the mar- 
row though absent from the peripheral 
blood. Active mitosis may be observed 
there, as well — a process practically never 
observed in the blood. Rumball and 
Parsons-Smith,®® and Yu and Ying*® cor- 
roborate the higher percentage of success 
in demonstrating parasites in marrow. 

The marrow of 5 children with urinary 
bilharziasis was examined by Diwany.'® 
Four showed a moderate eosinophilic reac- 
tion ranging between 10 and 15. The fifth 
revealed a high eosinophilia in tlie periph- 
reral blood (70 %) and in the marrow (60 %) 

Linliard'® repeatedly studied 40 patients 
with trypanosomiasis and uncovered the 
parasites more frequently in the marrow 
than in the peripheral blood, tlie ratio 
being 211:129. 

Histoplasmosis may be demonstrable by 
marrow examination, as in the infant 
reported by lams and Keith.'® The fungus 
parasites were seen free in the tissue fluid 
as well as inside monocytes, immature 
neutrophils, megakaryocj’tes, eosinophils 
and large phagocytic reticulo-endothelial 
cells. 

Cystine Disease. The presence of free 
cystine crystals in aspirated marrow of 
affected children has been demonstrated 
by Fanconi."® In fact, this approach is 
recommended as the method of choice for 
rapid diagnosis in suspected cases. 
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The purpo.sc of this piiper is to. present 
tlie current trends in obstetric tmalgesia 
iind anesthesiii. Continuous ctiudal anal- 
gesia, introduced in 1942 by Hingson and 
Edwards, has received more attention 
than any method of analgesia since the 
Twiliglit Sleep of Kroenig and Gauss. 
Demerol, a recently synthesized analgesic 
drug, has been tested in obstetric patients. 
The use .of spinal anesthesia for the late 
stage of labor and delivery has been 
revived. Psychic control of the pain of 
childbirth has been reported. Further 
observation of the older methods of pain 
relief has more clearly defined their 
usefulness. 

This discussion will be limited to the 
methods of analgesia and anesthesia cur- 
rentlj' in use in obstetrics. Special atten- 
tion will be paid to .their basic advantages 
and disadvantages without regard for the 
merits of the many technical variations. 
Safety for mother and infant will be the 
principal criterion of evaluation. The 
effectiveness of pain relief, and the practi- 
cal requirements of administration will be 
considered. 

Analgesia Prior to Delivery. Narcotics. 
Morphine and related compounds have 
been used extensivelj" because of the 
analgesic effect, the absence of serious 
maternal reactions, and the ease of 
administration. The respiratory depres- 
sant effect on the newborn has been 


demonstrated to be a serious disadvantage. 
Mengert-® noted immediate post natal 
distress in 2.5% of mature infants, and a 
higher rate of distress in premature infants 
subsequent to the administration of mod- 
erate doses of morphine to women in 
labor. The maximum respiratory depres- 
sant effect on the infant was observed when 
deliver.;' took place in the tliird hour after 
the use of morphine. 

Irving*® observed a high incidence of 
fetal respiratory depression following the 
administration of pantopon to parturient 
women. He expressed the opinion that 
the use of narcotic drugs for the purpose 
of obstetric analgesia was not in the best 
interest of the infant. Prematurity was 
considered to be a definite contra-indica- 
tion to their use. A less important dis- 
advantage was noted to be the failure of 
effective pain relief in about 30% of 
patients.*® 

Demerol. The investigation of Demerol 
for the relief of the pain of childbirth was 
suggested by its analgesic effect,^ and by 
the reported absence of significant res- 
piratory depressant action.®® Clinical 
experience with the drug in obstetrical 
patients has been sufficient to warrant an 
estimate of its value and limitations. 

No serious maternal reactions have been 
noted subsequent to the administration of 
Demerol,®’*®’®®''*® but about 25 % of patients 
have exhibited minor unpleasant reactions 
i. e., nausea, vomiting, dizziness, dryness 
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of the mouth, or sweating. No _ toj 
mortalities were ascribed to its use, ■ ^ 
but some degree of depression of respira- 
tion of the newborn was observed, betel 
resuscitation was necessary in from 27o 
to 16%®® of newborns whose mothers 
received demerol. The incidence of eta 
respiratory depression was no higher in 
premature than mature infants.®® _ Gott- 
schaiy^ noted no evidence of respiratory 
depression in newborn infants observed 
from seven to sixty minutes after de ivery. 

Demerol effected satisfactory analgesia 
in only 70% of patients;^" it did not 
produce amnesia. When the drug was 
combined with scopolamine, satisfactory 
analgesia was obtained in 90% of pa- 
tients,®® but the incidence of fetal respna- 
tory depression was higher than when 
demerol was given alone.®'®® Mateina 
excitement occurred in only 3% of pa- 
tients,®® and was never extreme. The 
combined use of demerol and scopolamine 
was found to be the most satisfactory 
routine analgesic method by the Boston 
Lying-In Group.®® 

Barhihiric Acid Derivatives. The bar- 
bituric acid derivatives have been ad- 
ministered frequently for obstetric anal- 
gesia®’ because of the ease of administra- 
tion and the excellent amnesic effect. 
They were usually given orally, but have 
been administered per rectum,® and intra- 
- venously.’ 

Serious maternal reactions have resulted 
from the use of large doses of these drugs. 
Galloway and Smith® observed a shock-like 
reaction in 0.2 % of normal mothers. 
Respiratory crises were noted in 0.36% 
of patients by the Boston Lying-In 
Group.®^ The administration of bar- 
biturates to mothers with active res- 
piratory disease has resulted in death.^® 
A less serious but important limitation 
has been the high incidence of maternal 
excitement (16.2%),’® The occurrence of 
c-xdtement made special nursing care 
mandatory, and led to the contra-indica- 
tion of tlie use of barbiturates in patients 
with heart disease, or with other medical 
complications of pregnancy which reduced 


physical reserve. The depressant effect 
on fetal respiration was minimal. Irving 
reported that 3% of newborns required 
resuscitation when the mothers were given 
sodium pentobarbital. 

The major advantage has been the 
effectiveness of amnesia; 86% of patients 
experienced complete ananesia, and 14% 
had partial amnesia with the use ot 
sodium pentobarbital combined with small 

doses of scopolamine.^® . 

Other Commonly Used Drugs. It is 
probable that scopolamine has been given 
to a greater number of obstetric patients 
than any other one analgesic, or amnesia 
inducing drug. Usually, the administra- 
tion has been in combination with other 
drugs to which it was considered an 
adjunct. ICirschbaum®® has made observa- 
tions upon parturient patients given 
scopolamine alone. Two maternal deaths 
occurred in his series of 1,481 patients, 
but he expressed doubt that the fatalities 
had resulted from the effect of the drug. 
No fetal deaths were ascribed to its use; 
5.87% of the infants required resuscita- 
tion. Extreme excitement was noted in 
1 % of mothers. The amnesic effect was 
graded as excellent. Recently Steinberg^’ 
reported the histories of 4 patients who 
exhibited edema of the glottis and uvula 
witli serious repiratory embarrassment 
after the administration of demerol and 
scopolamine (3 patients) and seconal and 
scopolamine (1 patient). 

The administration of ether rectally has 
proved valuable as a part of the Gwathmey 
technique, or as a means to control the 
excitement of patients given barbiturates. 
Gwathmey’^ was able to report 20,000 
hospital and home deliveries without a 
resulting maternal mortality. No infant 
mortalities were ascribed by him to the 
use of rectal ether, but resuscitation was 
required in 15% of newborns. He re- 
ported satisfactory analgesia in 85% of 
patients, but others have noted the 
analgesic effect to be inferior to that 
obscrA-ed from the use of barbiturates or 
demerol. Technical difficulties of rectal 
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aclniinistrations liave limited tlicir use- 
fulness. 

Paraldcliyde, introduced to obstetric.s 
in 1932 by Kosenfield and Davidofl',®- 
has a liigli maternal margin of safety. 
Depression of respiration and continued 
sleepiness of the newborn were observed, 
but no fetal mortjdities Avere ascribed to 
the drug. The permeation of the sur- 
rounding atmosphere Avith the unplea.sant 
odor of the drug and the difficulties in 
administration haA’c limited the use of 
paraldehyde. 

Regional Analgesia. Cleland’' demon- 
strated that sensory patliAvays from the 
body of the uterus run through the 
sympathetic chain and enter the spinal 
cord at the eleA’enth and tn’clfth dorsal 
segments. ParaA-ertebral sympathetic 
block, has eft'ectiA’ely relicA'ed the pain 
of labor up to the stage Avhere stress is 
e.xerted on the A'agina and perineum. 
Direct infiltration in tlie para-cervical area 
has been reported” to control the pain of 
the first stage of labor. These methods 
have not been tried on a large enough 
series of patients to Avarrant conclusions 
about their safety and usefulness. 

The continuous epidural administration 
of an anesthetic agent by the caudal route 
has been tested. The need for special 
attendants, skill, and apparatus has limited 
the method to approximately 30% of all 
obstetric patients in America.-^ In aa'cII 
equipped institutions, the administration 
of caudal analgesia AA'as not applicable to 
approximatelj" 40-50% of patients for 
one of the folloAAung reasons; (a) local 
contra-indication, i. e., sacral deformity, 
obesity, skin infection and pilonidal sinus 
— 10%; (6) constitutional contra-indica- 
tions i. e., central nerA’ous system disease, 
scA'ere anemia, drug sensitiA-ity, scA’^ere 
hjqDcrtension, unsuitable emotional make- 
up — 10-15%; and (c) obstetrical contra- 
indications i. e., bleeding complications, 
disproportion, uterine inertia, malpositions 
including certain breeches and twins, and 
fast labors — 20-25 %. 

The maternal death rate in patients 
given caudal analgesia has been reported 


to range from 12 in 30,000 to 10 in 15,950 
patients.-^'-" No accurate estimate has 
l)een made of the incidence of scA’^ere non- 
fatal fall in maternal blood pressure, but 
Ji drop in excess of 20 mm. of mercury 
Juis been obserA-ed in S% to 30% of 
patients. Fetal deaths have been 
reported secondary to maternal death, or 
to seA’ere ano.xemia associated AA'ith a fall 
in maternal blood pressure.*"'” The affect 
of ano.xemia on surAUAung infants has not 
been cA-aluated, but the possibility of 
damage has been amply demonstrated 
clseAA'hcre.'*' Less serious but major dis- 
adA-antages AA’ere: the failure of pain relief 
in 10 of patients, the risk of meningeal, 
or peridural infections,*' the risk of break- 
ing of a needle in the caudal canal,” and 
the higher incidence of operatiA'e mani- 
pulation because of the absence of the 
secondary poAvers of labor.-* 

The principal adA^antage of caudal 
analgesia AA'as the absence of respiratory 
depression in the neAvborn. This method 
has proved of special A'alue to the pre- 
mature infant. Other important ad- 
A'antages were the dramatic relief of pain, 
the applicability to patients Avith res- 
piratory infections, the elimination of 
need for supplementary anesthesia, and 
the reduction in maternal blood loss. 

Psychic Control of Pain. The effective 
control of pain in childbirth by hjqmosis 
has been reported.” Recently Read^° 
offered evidence to support the thesis that 
the pain of labor is conditioned by tension 
resulting from fear. He has shoAvn that 
a patient will AAullingly go through labor 
without the aid of drugs if her fears 
haA'e been alla^-ed by a complete under- 
standing of the mechanism of labor. 
SaAA'yer,®® in this country', reported favor- 
ably on this means of pain control in the 
first stage of labor. The safet}'' of the 
pyscliic control of pain cannot be denied, 
but the practical requirements for the 
successful execution of the method have 
limited its use. 

Anesthesia for Delivery. Inhalation 
Anesthetics. The major maternal hazard 
from inhalation anesthesia has been the 



GYNECOLOGY AND OBSTETRICS 


691 


aspiration of regurgitated liquid or food. 
In obstetric patients, there is often no 
control over the time of anesthesia in 
relation to the time of eating. Mendel- 
son^^ reviewed the records of 44,016 
obstetric patients given inhalation anes- 
thetics and noted an incidence of aspira- 
tion in 0.15%. Five patients aspirated 
solid food and two of them died. In 
patients who aspirated liquid matter, a 
post anesthetic broncho-pneumonia was 
observed though no fatalities ensued. 

The principal disadvantage of inhala- 
tion anesthetics has been the respiratory- 
depressant effect on the newborn due to 
narcosis, anoxemia, or both. Irving^® 
made observations on patients who were 
not given drugs during labor, but who 
were anes-thetized for delivery with ether 
and nitrous oxide gas ; he noted that 20 % 
of the newborn required resuscitation. 
The hazard of anoxemia from improperly 
administered nitrous oxide gas was pointed 
out by Eastman.'^ Karp and Richardson^^ 
reported that 4 % of infants required 
resuscitation when cyclopropane wms given 
for delivery. This gas offered less risk to 
the infant than any other inhalation 
anesthetic. The disadvantages of cyclo- 
prane were the need for a skilled anes- 
thetist, special equipment, and tlie more 
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narrow margin of maternal safetj 
compared with ether, or nitrous oxide. 

Intravenous Ane.sthesia. The intra- 
venous administration of sodium pento- 
thal for operative deliveries and cesarear 
sections has been reported.^® Nc 
maternal cleatlis were ascribed to th( 
agent, but the potential hazard of maternal 
respiratory^ arrest was recognized. Gross 
fetal mortality was not increased with its 
iise.'®'®^ Heilman’® noted that the con- 
centration of the drug in the blood of the 
newborn began to rise about of'minutes 
after administration to the mother, and 
reached equal concentration in 10 to R 
minutes. He recommended tliat the druj 
should be given only when delivery can 
e assured within 5 to S minutes after the 
tune of administration. In skilled hands, 
uc advantages were believed to be the 


ease of administration and the excellence 
of anesthesia for obstetric work. 

Recently, Allen^ has reported the intra- 
venous use of a 1 % solution of procaine 
in 5 % glucose in water for the relief of 
pain in the second stage of labor. The 
method has not been studied enough to 
warrant evaluation, but it should be 
pointed out that Allen observed con- 
vulsions in a few patients. 

Local Infiltration Anesthesia. The ex- 
tensive use of local infiltration anesthesia 
for vaginal deliveries and cesarean sections 
has been reported.® Greenhilh® stated 
that he could find no report of a maternal 
death that had resulted from the use of 
0.5% procaine hydrochloride for local 
infiltration anesthesia. Deaths from the 
use of higher concentrations of procaine, 
or other drugs used for local anesthesia 
have been reported.®® No deleterious 
effect on the infant has been observed. 
The safety of this means of anesthesia has 
excelled that of any other metliod. 

Several disadvantages have limited the 
more general use of local anesthesia, 
namely, the practical difficulty in control 
of a patient in active labor, the failure of 
satisfactory anesthesia in approximately 
15 % of patients, and the skill and patience 
needed to administer the anesthetic agent. 

Spinal Anesthesia. The most notable 
recent trend in obstetric anesthesia has 
been the revival of the use of spinal 
anesthesia. Prior to 1940, spinal anes- 
thesia had the record of the highest 
maternal mortality of all anesthetics 
used,’® The recognition of the principle 
that abdominal distention was associated 
wuth a high level of spinal anesthesia led 
to the development of new techniques of 
administration. The refinements in tech- 
nique designed to assure a low level of 
anesthesia were: (a) the use of small doses 
and more dilute solutions of the anesthetic 
agent; (5) the use of hyperbaric solutions 
combined with elevation of the patient to 
a sitting, or semi-sitting position; and (c) 
the avoidance of injection of the solution 
during a uterine contraction. 

No maternal deaths from the use of 
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spinal anesthesia were reported in a recent 
series of approximately 4,000 pa- 
An extensive study of 
non-fatal fall in maternal blood pressure 
has not been reported. Parmley and 
Adrian^® reported a mild transient hypo- 
tension in 2% of patients given so-called 
"saddle block.” The occurrence of signi- 
ficant hypotension has not been observed 
in a series of 800 patients given spinal 
anesthesia for vaginal delivery or cesarean 
section at this hospital. In the absence of 
hj'potension, no deleterious effect on the 
newborn has been observed. Other ad- 
vantages were a wide range of applic- 
ability, excellence of anesthesia, minimal 
number of complications, and reduction 
in maternal blood loss as compared to the 
blood loss observed with the use of in- 
halation anesthesia. 

The practical requirements for the safe 
adminstration of spinal anesthesia has 


limited its use to well equipped institu- 
tions. Definite contra-indications were 
recognized to be; (a) central nervous 
sj'stem disease, old or active, (d) severe 
anemia, and (c) marked hj’pertension. 
The major disadvantage has been the 
potential hazard of circulatory collapse or 
respiratory failure in the mother. Other 
disadvantages noted were: (a) the failure 
of satisfactory anestliesia in 5% to 10% 
of patients; (li) the risk of meningeal 
infection, (c) the risk of post spinal 
paralysis; and (d) the occurrence of post- 
spinal headaches in 15% to 20% of 
patients.®^ 

Summary, A review of the current 
trends in obstetric analgesia and anesthesia 
has been presented. Attention was 
directed to the principal advantages and 
disadvantages of agents commonly used 
for the relief of pain in childbirtli. 
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The Measurement of Coronary Blood 
Flow by the Nitrous Oxide Method. J . E. 
Eckenhoff, M.D., J. H. Hafkenschiel, 
M.D., M. H, Habmel, M.D., W. T. 
Goodale, Capt. M.C., M. Lubin, Capt. 
M.C., R. J. Bing, M.D., and S. S. Kety, 
M.D. (The Schools of Medicine, University 
of Pennsylvania and Johns Hopkins Uni- 
versity, and the Medical Division, Army 
Chemical Center, Maryland.) The nitrous 
oxide method introduced by Kety and 
Schmidt for the quantitative measurement 
of cerebral blood flow in man is applicable 
to any organ from which truly repre- 
sentative samples of mixed venous blood 
can be collected. The heart, by reason of 


ventricle/min. by the nitrous oxide 
method. The coefficient of correlation 
was 0.77. The partition coefficient for 
nitrous oxide in the dog’s heart when 
calculated from this relationship was 0.97 
(s.e. 0.052) whereas it was .1.05 (s.e. 0.013) 
when determined by in vitro experiments. 
The partition coefficient of 1 was there- 
fore taken for the experiments described 
below. 

Coronary blood flow in the intact 
anesthetized dog was measured 17 times 
in 10 experiments by the nitrous oxide 
method with the coronary venous blood 
obtained from a catheter inserted into 
the coronary sinus. The results are sum- 


Table 1.— Comparison of Control Valves Obtained Separately by the Nitrous Oxide and 

THE Bubble Meter Methods 

Nitrous oxide Bubble meter* 

Control values Coeff. var. Control values Coeff. var. 


No. of expts 

No. of observ 

Coronary flow cc./lOO g./ min 

Oxygen consump. cc./lOO g./min 

* Am. J. Physiol., 149, 634, 1947. 

Its homogeneous structure and venous 
drainage into the coronary sinus, should 
thus be a suitable organ. The catheter- 
ization technic reported by Goodale and 
Lubin makes coronary sinus blood of the 
intact dog or of man readily available. 
The present investigation was made to 
determine the possibility -of adapting the 
nitrous oxide method to tlie coronary 
blood flow of man. 

Coronary blood flow was simultaneously 
measured in the dog directly by a bubble 
flowmeter' and indirectly by the nitrous 
oxide method. In 15 measurements in 
10 experiments, the average bubble meter 
flow was 63.7 cc./lOO g. left ventricle/min. 
as compared with G7.S cc./lOO g. left 


10 


10 


17 ■ 


19 


71.3 

15.7 

66.0 

13.0 

9.5 

19.1 

8.8 

13.0 


marized in Table 1 and compared with 
previously reported values obtained by 
the bubble flowmeter. 

The difficulties and limitations of the 
method as applied to the heart include (1) 
inability to always get a free flow of blood 
from the coronary sinus catheter, (2) 
blockage of venous return into the 
coronary sinus if the catheter is inserted 
too far into the sinus, (3) only left ventric- 
ular coronary blood flow is measured and 
(4) untoward pathological changes have 
been found following catheterization in- 
cluding subendothelial hemorrhages, endo- 
tlielial ulcerations and cardiac vein throm- 
bosis. Tlie latter defects are felt to be due 
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in large part to technical mishandling of 
the catheters. 

The method presumably is adaptable to 
the measurement of coronary blood flow 
of man but in view of the pathological 
findings it should be used with great 
caution until further data on the patho- 
logical effects of coronary sinus catheter- 
ization are available. 


A Method of Directly Recording Intra- 
arterial Pressure During Surgery,* L. H. 
Peterson, and G. C. RrssiAN, Ph.D. 
(Dept, of Physiol. ISIed. School, Univ. of 
Penna.). It has been possible to record 
and read immediately the effect of each 
beat of the heart in the brachial artery in 
over thirty patients to date. This has 
been done continuously from before anes- 
thesia is given and continued until after 
the operation has been completed. The 
method allows mobility and comfort of 
the patient and does not interfere 'adth any 
established surgical procedures. 

A flexible plastic catheter is injected 
into the artery through a special twenty- 
two gauge needle.^ The needle is tlien 
withdrawn. The Lilly capacitance manom- 
eter* is used as a pick-up and recording 
is done with an ink writing oscillograph.* 

The thirty-odd patients mentioned 
above provided a rather heterogenous 
group as concerns age, climatjc conditions 
as well as the clinical condition and 
sm-gical intervention. There is no typical 
pre-anesthetic pulse shape; however, cer- 
tain types are significant, e. g., hyperten- 
sion or sclerosis without hypertension. 
The change in blood pressure from spinal 
anesthesia may be differentiated as to 
whether the reduction was mainly due to 
decreased peripheral resistance or cardiac 
output. The method has been found 
practical in predicting a tendency for the 
blood pressure to fall. Visceral reflexes 
are more easily localized, the mechanical 
effect of manual respiration is given 
another guide and the effects of positional 
changes are easily noted. It has been 


practical to immediately alter the surgical 
or anesthetic course by the effects seen on 
tile pre.ssure pulse curve. A more detailed 
analysis of the clinical value of this method 
will be published elsewhere.'* 

Catheterization of the Coronary Sinus. 
Walter T. Goodale, M.D., Martin 
Lubin, I\I.D., and William G. Banfield, 
Jn., M.D., (Medical Division, Army 
Chemical Center, Md). The following 
technique was developed in order to make 
it possible to measure coronary blood flow 
in the intact dog, and to evaluate the 
safety and practicality of a similar pro- 
cedure in man. A standard intravenous 
catheter, (size 6-lOF), inserted through 
tire dog’s external jugular vein under light 
nembutal anesthesia, is directed into the 
coronary sinus under fluoroscopic control. 
The coronary sinus ostium of the dog lies 
just anteromedial to the inferior vena 
caval opening into the right auricle, 
postero-inferior to the tricuspid value, as 
best seen fluoroscopically in the right 
anterior oblique view. On entering the 
sinus around an initial sharp medial turn, 
the catheter tip passes superiorlj’- and to 
the left, along the posterior auriculo- 
ventricular groove, and often beyond a 
delicate valve into the great cardiac vein. 
Sometimes the catheter will pass straight 
into the middle cardiac vein, from a point 
just inside the coronary sinus ostium, 
directed along the posteroinferior septal 
surface toward the apex. The somewhat 
hazardous injection of diodrast will outline 
much of the coronary venous system, be- 
cause of the abundant veno-venous anasto- 
moses. In 50 procedures upon 25 dogs, 
weighing 28-75 lbs., the mean blood oxygen 
contents were as follows: Coronary 
sinus, 3.8 vols. % =*= 1.04 (standard 
deviation); mixed venous blood, 12.5 
3.89; femoral artery, 16.9 =*= 1.75. Dogs 
recovered promptly, vmless purposely 
sacrificed, without any clinical complica- 
tions attributable to the catheterization. 
Twenty-four autopsies following coronary 


* Supported by a grant from the Office of Naval Research to Dr. Bazett. 
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sinus catheterization sometimes showed 
significant endocardial lesions, including 
mural thrombi. However, when a small 
(No. 7) catheter had been gently inserted 
only 1-3 cm. into the coronary sinus for 
less than an hour, avoiding forcible 
reinjeetion of any fluid through the 
catheter, no significant lesions Avere found. 
These precautions, which appeared to 
prevent damage from the procedure in 
dogs, may Avell be indicated in any similar 
studies in man. 


The International Congress and its Rela- 
tion to Future International Organization. 
H. C. Bazett, M.D. (Dept, of Physiol., 
Univ. of Penna.). International Con- 
gresses in physiology started in 1889. 
They have always been arranged by a self- 
perpetuating international committee an- 
nounced but not elected at each Congress. 
The committee has met only at the Con- 
gresses and has functioned only to select 
the next meeting place. Details are 
decided solely by the local committee. 
The spirit of this organization has been 
soundly international and democratic, and 
the present committee saw no reason to 
change the system. HoAvever, inter- 
national organization in the three years 
between congresses is a complete void 
based apparently on the assumption that 
international problems in physiology are 
non-existent. 


There has been informal discussion 
relative to the addition of an international 
union of physiology to existing inter- 
national scientific unions. A whole meet- 
ing Avas scheduled for such discussion at 
the Oxford congress but unfortunately 
had to be cancelled. ^^Tlile some of the 
international committee thought that in 
addition to itself there should exist an 
international union, the committee as a 
Avhole regarded this question as outside 
its province. 

The formation of an international union 
is a function of national societies and 
action should not await the next congress. 
Many problems require to be settled. 
UNESCO cannot give financial assistance 
to a congress in the absence of an inter- 
national union to administer and control 
international actiAuties (though some sup- 
port was proAuded to the last congress 
even in the absence of such organization, 
this was only possible as an interim 
measure). Thought should be given to 
the possible subdivision of the subject 
(biophysics, biochemists, etc.) if con- 
gresses are not to become unwieldy. 
Exchange of equipment, literature and 
personnel in troubled times could be 
facilitated as Avell as the operation and 
extension of international institutes such 
as those at Naples and the Jungfraujoch. 
As individual physiologists aa'c should 
work for the formation of an international 
union of physiology. 
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Signs and Si’jipto.ms: Thbik Clinical 
Intehphetation. Edited b}' Ctbil M. 
AIacBhtde, A.B., M.D., F.A.C.P., As- 
sistant Professor of Clinical Medicine, 
Washington Univ. School of Medicine. 
Pp. 439; 74 ills.; 6 color plates. Phila.; 
J. B. Lippincott, 1947. Price, S12.00. 
This book approaches diagnosis in the 
same manner as the physician must approach 
it when he sees a patient. The first section 
is devoted to histoiy-taking and the second 
to a discussion of the production and inter- 
pretation of pain. In everj^ following section 
a symptom or group of related symptoms 
is presented, the anatomic and physiologic 
disturbances concerned with the production 
of those symptoms being scientificall}’- de- 
scribed and the various diseases causing 
such disturbances being discussed. Each 
section is written bj’’ a specialist in the field 
presented. Presentations are clear and 
understandable. Reference to the experi- 
mental is frequent. 

Not intended as a textbook for phj'sical 
diagnosis, it does not cover techniques of 
examination. In general, attention is paid 
to the patient’s complaint and the mode of 
production of that complaint, not to what 
the physician might find on examining him. 
Any student or practitioner will find this 
book a useful aid in turning his attention 
and diagnostic tools to the proper spot for 
locating disease. 

The publisher has used a good grade of 
paper with a glossy finish. The type is clear, 
and the book as a whole is convenient to 
read. The illustrations are clear and helpful. 

W. S. 


Symptoms and Signs in Clinical Medicine. 
By E. Noble Chambeklain, M.D., M.Sc., 
F.R.C.P., Lecturer in Medicine, IJniv. of 
Liverpool. 4th ed. Pp. 463; 346 ills., 69 
in color. Baltimore and London: Williams 
& Wilkins, 1947. Price, S8.00. 

As a manual of physical diagnosis or as a 
a kind of textbook of medicine, this work is 
equally unsatisfactory. The patient is 
chopped up into chapters: The Respiratory 


System; The Cardiovascular System; The 
Nenmus Sj'stem, etc. This leads to repeti- 
tion of certain parts of the examination, and 
inadequate covering of others. The tongue 
is discussed in 8 different places; the tonsils 
are mentioned brieflj^ under Fever; the 
liver is discussed under the Cardiovascular 
S 3 'stem, the Digestive Sj’stem, the Hsemo- 
poietic Sj'stem, and RadiologjL 

Evei^' chapter starts with a discussion of 
S 3 Tnptoms referable to that particular ^^s- 
tem, then describes and discusses the more 
common normal and abnormal ph3"sical 
findings, and ends with brief descriptions 
of a few of the more common diseases in- 
vohdng that S3’stem. Little attempt is made 
to consider the patient as a whole, or to cor- 
relate abnormal physical findings vdth the 
fundamental pathologic alterations in struc- 
ture that can produce these signs. Thus the 
student or clinician is likety to arrive at 
erroneous conclusions. 

This book cannot be recommended as a 
te.xt for students. It might sen^e as a hand 3 ’' 
reference work for ph 3 'sicians whose main 
interest lies outside the field of Internal 
Medicine, or as a refresher for those about 
to take e.xaminations. H. H. 


New Fields of Psychiatry. By David M. 
Leiw, M.D., Assistant Professor of Psy- 
chiatr 3 ', Columbia University. Pp. 171. 
New York: W. W. Norton, 1947. Price, 
S2.75. 

These Salmon Lectures are in reminiscent 
vein when they deal with Child Guidance, 
Delinquenc 3 ’’ and Social Work. The 3 ’- sketch 
the early clums 3 ’- approaches (1920) of psy- 
chologist, social worker, neurologist and 
psychiatrist to a bo 3 '^’s problem and then 
point out how aU of these speciahsts have 
grovm in the last quarter century. A few 
brief points in Educational Ps 3 'chiatry and 
in Comparative Ps 3 'chiatry are well taken. 
It is when the author comes to Political 
Ps 3 ’'chiati 3 ’- that he enters a field where there 
is no experience — certainl 3 '' pS 3 ^chiati 3 ^ as an 
instrument of government in German 3 ' is a 
new thing on the earth. E. B. 
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A Handbook of Ocular Therapeutics. 
By the late Sanford R. Gifford, Profes- 
sor of Ophthalmology, Northwestern Univ. 
Medical School. Revised by Derrick 
Vail, M.D., D.O. (Oxon.), F.A.C.S. 
4th ed. Pp. 336; 66 ills. Phila.: Lea & 
Febiger, 1947. Price, S5.00. 

It is good news that this very useful hand- 
book of treatment has been revised. While 
still retaining the advantages of the book's 
original form, the present author has ex- 
panded many of the sections and has brought 
ophthalmic treatment up to date, particu- 
larly by including an excellent section on 
the antibiotics. F. A. 


Methods of Diagnosis. By Logan Clen- 
DENiNG, M.D., F.A.C.P., late Professor of 
Clinical Medicine and History of Medicine, 
Univ. of Kansas, and Edward H. Hash- 
iNGER, M.D., F.A.C.P., Professor of Clini- 
cal Medicine. Pp. 868; 143 ills. St. 
Louis: C. V. Mosby, 1947. Price, $12.50. 
This treatise combines in one volume a 
book on physical diagnosis and a text on 
differential diagnosis. It is divided into 
4 parts. In Part 1, the author devotes 
50 pages to a discussion of the principles 
that underhe proper diagnosis; (1) "the 
judgment of evidence and (2) reasoning 
according to the laws of logic.” Part 2 of 
the work consists of a discussion of the tech- 
nique of history-taking and tho general 
procedures used in physical diagnosis. In 
Part 3, the symptoms and signs of disease 
processes are discussed according to the 
organ affected and to the anatomic regions 
involved. Part 4 is the author’s evaluation 
of the laboratory studies and special pro- 
cedures that may be used by the practitioner 
in diagnostic work, including over 100 pages 
on Roentgen ray diagnosis. 

The informal style and the illustrative 
cases make the book eas 3 '- reading. The 
illustrations and drawings are valuable and 
instructive. A large amount of material is 
covered, including many references, though 
’^nn.v of these references are old. Some of 
the opinions expressed are controversial and, 
n criticaRv analj'zed, would not be readiR’’ 
accepted bj' manj’ autborities. For the 
medical student, the work would serve to 
5'ipplcment but not replace the standard 
textbooks of medicine or the standard plij-si- 
cal diagnosis texts. It is recommended for 


practitioners and internists as a handy 
reference book and as an aid in differential 
diagnosis. E. R. 


Progress in Gynbcologt. Edited by Joe 

Vincent Meigs and Somers H. Sturgis. 

Pp. 552. New York: Grune & Stratton, 

1946. Price, $7.50. 

This book contains a collection of 70 
papers dealing with the progress that has 
been made during the last decade in all 
aspects of gynecologic physiology, pathology 
and treatment. The papers are by 71 dif- 
ferent authors, each of whom is an authority 
on his subject. The reports are succinct 
and readable statements, averaging less than 
8 pages each, and are followed by bibliog- 
raphies that have been cut "to the bone” 
but nevertheless remain adequate for refer- 
ence to source material. 

The record thus assembled is a surprising 
and encouraging documentation of real 
progress in a field that many have regarded 
as relatively static in comparison with gen- 
eral medicine and surgery. Not only have 
many of the new contributions been made 
during the war years, but there is a surpris- 
ing width and balance of distribution among 
all corners of the field. In its conception and 
execution, the book provides a perspective 
and an authority that supplement in admir- 
able fashion what the annual year-books 
have supplied concerning the decade in 
question. 

As the editors hope, it should certainly 
prove of interest and assistance not onlj'- 
to medical men who have spent the last 
years in the Armed Forces, but to students 
and practitioners in general. C. B. 


Pal.eontology: Invertebrate. B,v 
Henry Woods. Sth ed. Pp. 477; 221 
figs. Cambridge, at the Univ. Press; New 
York: The Macmillan Company, 1946. 
Price, $3.00. 


This small manual attempts to give for 
each of the larger invertebrate groups, of 
which fossHs are known: a short zoologic 
sketch, which accentuates the hard parts- 
an outline of its classification, with some' 
^aracteristics of a few genera (mainh' 
BnLsh); and a survev’’ of its geologic range 
vnth notes on recent distribution. The 
figures are mainR’- simple and clear, but 
wnthout detailed e.\-planations. A remark- 
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able amount of data is crowded into small 
compass. But, in attempting to cover so 
many fields of paleontologj’- the book gives 
the impression of a low threshold of satisfac- 
tion in each. The technical terms are intro- 
duced rather than explained, and the names 
of the geological formations will be strange to 
manj-^ American readers. The definitions of 
the groups are so brief as to be of little 
assistance in identification, and, in fact, 
man 3 ’^ of the statements are so vague, or 
have so many exceptions, that they confuse 
rather than instruct. The bibliography is 
on the whole remarkably well selected, and 
includes classic studies as well as modern 
contributions. The manual should be of help 
to elemental^’’ readers, who wish a cursorv 
survaj-^ of the subject. H. B. 


Fundamentals of Psychiatry. B3’ Ed- 
ward A. Strecker, M.D., Prof, of Ps 3 '- 
chiatr 3 ’^, Univ. of Penna. 4th ed. Pp. 325; 
21 diagrams. Phila.: J. B. Lippincott, 
1947. Price, .S4.00. 

Over 100 pages and 6 new diagi'ams have 
been added in this edition of Dr. Strecker’s 
excellent introductoi^^ textbook on ps 3 '- 
chiatiy— a work intended for the general 
practitioner, the specialist in other fields and 
the medical student as well as the ps 3 ’-chia- 
trist. There is a new chapter on Further 
Thoughts about Nomenclature and Classifi- 
cation, in which the author recognizes the 
limitations of the present S 3 ^stem of classifi- 
cation and includes the Arm 3 ’^ classification 
in its entiret 3 ^ He also proposes a tentative 
classification of psychiatric illness “based on 
the concept of Reactive Tension. . . The 
classification is essential^' descriptive. It 
has no etiologic implications.” There is 
another new chapter on Ps 3 mhosomatic Med- 
icine and Ps 3 ’-chiatry, dealing with the sub- 
ject in broad terms as it relates to all fields of 
medicine and advocating the teaching of 
ps 3 mhiatric principles throughout the four 
3 "ear medical course. Eight pages on treat- 
ment in militar 3 ^ neuropsychiati 3 " have been 
omitted, and a short section added on the 
benefits resulting from war experiences. 

The book continues to be one of the best 
introductions to the field of pS 3 ’’chiatr 3 ' on 
the market and contains many short il- 
lustrative case histories from the author's 
wide experience. There is less emphasis 
than pre%-iousl 3 ' on metrazol as a therapeutic 
procedure, which is in line with the current 


trend toward the use of electroshock. With 
the release of restrictions on the use^of paper, 
the present edition is printed with wider 
margins, larger t 3 ’’pe, and a better grade of 
paper, making it more attractive and read- 
able. The book is heartity recommended 
for all who are interested in obtaining a first 
glimpse into the field of ps 3 mhiatr 3 ' b 3 '^ one of 
the acknowledged leaders in that field. 

E. B. 


Physical Fitness, Appraisal and Guid- 
ance. B3'' Thomas ICirk Cureton, Jr., 
M.A., M.P.E., Ph.D., Prof, of Physical 
Education, Univ. of Illinois. Assisted b 3 ' 
Frederick W. Kasch, B.S., M.S., John 
Brown, B.S., and W. G. Moss, Ph.D. 
Pp. 566; 66 ills. St. Louis, Mo.; C. V. 
AIosb 3 '^, 1947. Price, $6.00. 

This book represents an earnest attempt 
to integrate the authors’ wide experience 
with college athletes with current knowledge 
of physical fitness tests. 

The initial chapters deal with definitions 
of physical fitness and the validity of various 
fitness tests. Subsequent discussions include 
bodil 3 ’’ configuration in relation to athletic 
prowess; cardiovascular, respirator 3 '^ and 
motor factors, and the conduct of physical 
training progi-ams. 

The point of Anew of an athletic coach is 
stressed. Material is arranged as a text, 
with questions at the end of every chapter 
concerning the material presented. The 
authors have not always been well adAOsed 
from a medical point of idew: The name of 
Draper is not mentioned in the description 
of constitutional t 3 ’pes. Discussion of the 
abilit}' of patients ivith organic heart disease 
to perform athletics would better have been 
deleted than treated inadequate^ and some- 
times incorrectly. W. J. 


Fatigue and Impairment in Man. By S. 
How.ard Bartley, Ph.D., Prof, of Re- 
search in the Wsual Sciences, Dartmouth 
Medical School, and Eloise Chute, M.A., 
Research Associate. Foreword by A. C. 
Ivy, Ph.D., hl.D. Pp. 429. New York; 
McGraw-HiU, 1947. Price. S5.50. 

The authors start with several basic con- 
cepts. 

One is the need for a “personalistic” 
approach to the studA' of fatigue. The whole 
individual must be studied and attention 
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must be directed toward the “experiencing” 
of fatigue rather than to reduction of work 
output as the basic orientation. The authors 
assume “that human activity is determined 
and regulated by other than purety energistic 
considerations.” 

The second concept is that impairment is a 
specific tissue condition. “Impairment is 
seen as referring to the condition of the tis- 
sue, which is directly discovered only by 
physiological and biological analysis. 
Whereas fatigue is seen as an expression of 
the organization of the whole organism, 
which can be described only in personalistie 
terms.” 

A third assumption (later supported by 
some logical analysis and experimental evi- 
dence) is that fatigue should be “regarded as 
an experimental pattern arising in a conflict 
situation in which the general aligmnent of 
the individual may be described as aversion.” 

After the introduction, the authors present 
“Various Views on Fatigue.” This is done 
largely through quotations of representative 
students of the subject. In Chapter 3 there 
is a discussion of basic concepts which indi- 
cate that the authors recognize the need for 
scientific methodology in devising the experi- 
ment. Since they indicate that the subject 
is basically a psychological one, it might be 
better to say that there is a need to develop 
psychologistics as the first approach to the 
proper study of fatigue. The writers make a 
bare beginning by attempting to define 
fatigue by saying what it is and is not. 

The next 14 chapters deal with the varied 
factors, conditions, and techniques of study 
used by other experimenters. These chap- 
ters are developed largety through reference 
to the work of others. Findings and conclu- 
sions are given. Charts and tables are gen- 
erously employed. 

Chapter 17 on “Visual Performance and 
Fatigue” is a discussion of visual perform- 
ance apparently based on the authors’ knowl- 
edge and research although little or no 
attempt is made to present experimental 
evidence. 

Chapter IS is on “Conflict andFrustration” 
and Chapter 19 on “Chronic Fatigue and 
Related Syndromes”, and here again is util- 
ized a summarizing or “high lighting” type 
of discussion based on the concepts and'ex- 
pcrimcntfil findings of other students of the 
subject. 

Tile last chapter (Chapter 20) represents 


the authors’ “conclusions.” The first part 
of this chapter consists of briefly stated con- 
clusions without attempt at thorough logical 
argument or the inclusion of supporting 
experimental evidence. In the second half 
of the chapter the authors pose a number of 
questions which need answers if future stud- 
ies of fatigue are to be really productive. 

A list of “Visual Aids,” to supplement the 
material in the book, follows. An author 
and subject index are properly included. 

To summarize, the book can be described 
as an excellent attempt at drawing together 
and “high lighting” the findings and conclu- 
sions of the major contributions on the sub- 
ject of fatigue. The authors do not endeavor 
to evaluate critically the results, techniques, 
or conclusions described and quoted. Addi- 
tionally, the authors postulate several basic 
concepts and show that they appreciate the 
need for a logical methodology in science, 
although they only take a partial first step 
by attempting to define fatigue and impair- 
ment. The book should be extremely valu- 
able to future experimenters in the field. 

E. W. 


PHAmUACOPCEIA OF THE UNITED STATES OP 

America. 13th Revision. By Authority 
of the U. S. Pharmacopoeial Convention 
meeting at Washington, D. C. Prepared 
by the Committee of Revision and pub- 
lished by the Board of Trustees. Official 
from April 1, 1947. Pp. 957. Easton, Pa.: 
Mack Printing Co., 1947. Price, $8.00. 
This countrj’^’s Pharmacopceia does not 
need recommendation or analytical review. 
It is a standard, and announcement plus the 
following quotation from its Preface by E. 
Fullerton Cook is tribute: “This revision 
. . . reflects a period of intensive medi- 
cal development supported by scientific re- 
search of a high order and stimulated by 
the demands of a global war. . . . The 
scope policy established in 1820 has been 
meticulously maintained and an effort made 
to restrict the admissions to the 13th Revi- 
sion to those therapeutically active agents 
gemicides, anesthetics, diagnostic agents! 
rnfl ssarj^ medical aids, which 

reflect the best state of medical knowdedge 
u • • For the first time . 

the Enghsh titles occupy the leadmg posi- 
‘•on. . . . With the basic therfpeutfc 
agents MTV arranged in alphabetical ordw 
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it is possible to follow each drug with its 
preparations and it is, therefore, urinecessar 3 >^ 
to list dosage forms in a special paragraph,” 

E. K. 


A Synopsis of Stjhgical Anatomy. By 
Alexander Lee McGregor, M.D. Pp. 
714; 699 ills. 6th ed. Baltimore: Wil- 
liams & Wilkins, 1947. Price not given. 
By means of thin paper and small print, 
the author has covered a huge field in a 
small handy volume. As implied by the 
title, the book is meant to be an outline of 
the subject vith only brief comment upon 
each individual topic. Although a book of 
this tjTpe is useful as a method of reviewing 
for an examination, it is the Ile\dewer’s 
opinion that it is otherwise of little value. 
The discussion of each topic is too brief to 
give satisfactory information to any but 
the most casual reader. The illustrations are 
diagrammatic black and white line dranungs, 
and in many cases these are not easily 
followed owing to their small size. An 
extensive index to the numerous subjects is 
provided. A. R. 


Practical Physiological Chexhstrt. By 
Philip B. Hawk, Ph.D., President, Food 
Research Laboratories, Inc., Long Island 
City, N. Y., Bernard L. Oser, Ph.D,, 
Director, Food Research Laboratories, 
Inc., Long Island City, N. Y., and Wil- 
liam H. SmiMERSoN, Ph.D., Associate 
Professor of Biochemistry, Cornell IJniv. 
Medical College, New York City. 12th ed. 
Pp. 1323; 329 ills., 5 color plates. Phila.: 
Blakiston, 1947. Price, SIO.OO. 

The oldest American text in physiologic 
chemistry celebrates its 40th year with the 
issue of this new edition. It has been 9 years 
since the 11th edition was prepared. Be- 
cause of the rapid advances in certain 
major fields and in analytical techniques, 
there has been a complete revision of the 
subject matter presented. 

Man 3 ’’ chapters have been entirely rewrit- 
ten, and aU have been reevaluated to con- 
form to current knowledge. The authors 
have been aided by specialists in the revi- 
sion of certain sections. Much new material 
has been added, including many new sec- 
tions. To list a few: polarographic anabasis, 
electrophoretic analysis of proteins, isotopes, 
sulfa drugs, metabolic antagonists and anti- 


biotics, Warburg tissue-slice procedures, 
theory and practice of photometric analysis, 
composition of foods, and idtamins. These 
new sections are complete in fundamental 
data and are well documented. 

This volume continues to have a most 
complete selection of selected laboratory 
methods. New quantitative procedures for 
blood and urine analj^sis have been added, 
including modifications of older methods 
for photometric determination. 

There is no doubt that this edition will 
continue to merit the popularity of its 
predecessors. H. V. 


Whither Medicine; From Dogma to 
Science. By Antony Fidler, M.D., 
Dozent (Associate Professor) of Medicine 
of the Univ. of Warsaw; Senior Lecturer 
in Medicine, Polish School of Medicine, 
Edinburgh. Pp. 115; 7 tables. Edin- 
burgh: Thomas Nelson, 1947. Price, 
6/-net. 

St.ating that this study is largely a philo- 
sophic problem, and that "the author has 
no training in philosophy,” the writer pro- 
ceeds to a critical consideration of the 
implications and consequences of the mate- 
rialistic theory of medicine. In his effort to 
show that present-day medicine is more a 
set of beliefs than a science, the thesis is 
discussed in 3 parts: Causal Medicine, The 
Medicioe of Probability, and Conclusions. 
The conception of health and disease is that 
it is rooted in the causal theoiy^, and diag- 
nosis is made for the purpose of finding the 
"cause,” i. e., the disease. In The Medicine 
of Probabihty, the proposed numerical data 
^stem which is employed is more promising 
for the following reasons: “(1) the range 
of variation between the samples is smaller 
than in the classical system, in spite of the 
handicap of the experimental conditions; 
(2) it seems that the attainment of probabili- 
ties bordering on certainty in respect to 
indmdual predictions regarding the dura- 
tion of life, the duration of disease, and the 
frequency of their recurrence is more likely' 
to be achieved by means of it.” Finally', it 
is suggested that the biologist’s selection 
of certain data as healthy or diseased be 
abandoned, and that a new approach based 
upon the subjective feelings of the individual 
be made; that the experimental method be 
adopted and a different classification of clini- 
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cal material be employed. In an Appendix, 
as proof of the author’s contentions, 7 statis- 
tical tables include the analyses of several 
thousand cases. For an adequate under- 
standing of the thesis, these tables require 
some detailed consideration. N. Y. 


The Principles and Practice of Obstet- 
rics. By Joseph B. DeLee and J. P. 
Greenhill. Pp. 1011; 1108 ills., 211 in 
color. Phila.; W. B. Saunders, 1947. 
Price, SIO.OO. 

The 9th edition of the late Dr. DeLee’s 
well-known “Obstetrics” is the 2nd edition 
that Dr. Greenhill has prepared. It has 
been so extensively rewritten and reshaped 
as to constitute almost a new book. Ad- 
mirers of the virtues which made DeLee’s 
book traditionally one of the best texts in 
any language will be gratified to learn that 
all the old values have been preserved, and 
new ones added. 

One of the most striking new features is 
a radical change in format. The text has 
been rearranged in 2 columns per page with 
the use of clearly readable “London Times” 
type face. This has apparently permitted 
the introduction of new textual material 
and illustrations without adding to the total 
number of pages. Indeed, the former bulk 
of the book has been reduced. 

The new chapters include an excellent and 
practical one on erythroblastosis fetalis. 
Elsewhere, many of the old chapters have 
been rewritten to bring each subject up to 
date by incorporating, rather than merely 
appending the newer knowledge. Brevity 
and balance in exposition are thus retained. 

The emphasis, as formerly, is on the 
clinical side. But the sections dealing with 
the anatomic, histologic and embryologic 
aspects of the field are scholarly in character, 
and are illustrated with such excellence as 
to make the work invaluable as a student 
pnde. One could wash the same attention 
bad been given to physiology. This defi- 
pency is, in the Ee^^ewer’s opinion, one of 
the few weak features of the book. It has 
led,^ among other things, to the relegation 
of “Obstetrics and Gjmecologic Endocrinol- 
to a remote chapter, unrelated to and 
nninte^ated with the general subject of 
obstetric phr-siologj*. 

There are few matters in or related to 


obstetrics concerning which one cannot find 
some information in this book. It will, 
therefore, continue to be valuable not only 
to students and practitioners of obstetrics 
but, as a ready reference work, for physicians 
in all fields. C. B. 


Techniques and Procedures of Anesthe- 
sia. By John Adriani, M.D., Director, 
Dept, of Anesthesia, Charity Hospital of 
Louisiana; Clinical Assistant Professor of 
Surgery (Anesthesiology), Louisiana State 
Univ. Pp. 404; 122 figs. Springfield, III.: 
Charles C Thomas, 1947. Price, S6.00. 
This book is intended for the beginner in 
anesthesia, but can also be profitably read 
by all who are practising anesthesia. The 
author has outlined not only the technical 
details of a procedure, but directly opposite 
the outline he gives in a brief r^sumd the 
associated reasons for executing them. He 
has covered all phases of the subject and 
includes many helpful suggestions and 
explanations. 

The chapter on Inhalation Anesthesia is 
very instructive; even the current price of 
the anesthetic agent is quoted in order to 
give the student a comparison of the cost 
of the administration of the various tech- 
niques. 

The Appendix contains several tables 
which list choices of anesthesia for various 
procedures according to complicating clinical 
conditions. These will be very helpful to 
the student and beginner. The volume is 
well indexed and contains adequate refer- 
ences. The drawings and photographs are 
well done and show definite details. A vast 
amount of material has been compressed 
into this book; it can be unreservedly recom- 
mended. p, D, 


GTNiECOLOGICAL ENDOCRINOLOGY FOR THE 
Practitioner. By P. M. F. Bishop, 
D.M. (OxoN.), Lecturer in Applied Physi- 
ologj^ Guy’s Hosp. Med. School; Clinical 
Endocrinologist, Guy’s Hosp.; Endocrin- 
ologist to Chelsea Hosp. for Women. 
Pp. 124. Baltimore: Williams & Wilkins' 
1946. Price, $2.00. ’ 

Tkis short book was written, as the title 
indicates, not as a textbook 
endocrinolog}’ but as a guide 
practitioner. It includes bri 
of the endocrine control of 


of gynecologic 
for the general 
ef descriptions 
the menstrua. 



702 


BOOK REVIE^YS AND NOTICES 


cycle and the origin and modes of therapeutic 
administration of the various sex hormones. 
The etiology of and the therapeutic approach 
to the usual functional gynecologic disturb- 
ances are considered briefly. The author is 
more optimistic and less fearful concerning 
the effects of serum gonadotrophin than most 
American gjmecologists. The chapters on 
pregnancy tests and hormone assays are 
■well -written, but perhaps they are granted 
too much space at the expense of more gen- 
erous consideration of the various thera- 
peutic indications in the functional disturb- 
ances. Of particular value is the appendix 
dealing ■ndth commercial therapeutic agents, 
their proprietary names, modes of adminis- 
tration, dosage and prices. The book gives 
one the impression of oversimplification of 
a verj' intricate subject, the justification of 
which is questionable even in the interests 
of bre-snt}'. F. P. 


NEW BOOKS 

Fatigue and Impairment in Man. S. 
Howard Bartley, Ph.D., Professor of 
Research in the Ifisual Sciences, Dart- 
• mouth IMedical School, and Eloisb 
Chute, M.A., Research Associate. Fore- 
word by A. C. Ht, Ph.D., M.D, Pp. 429. 
New York: McGraw-Hill, 1947. Price, 
S5.50. 

Calcific Disease of the Aortic Valve. B3' 
Howard T. Karsnbr, M.D., and Simon 
Koletskt, M.D., Pp. Ill; 24 ills. Phila.: 
J. B. Lippincott, 1947. Price, S5.00. 

Hai^dbook of Psychiatry. B3’' Winifred 
Overholseh, A.B., M.D., Sc.D., Professor 
of Ps3’-chiatr3q George Washington Uni- 
versity, and Winifred V. RicmioND, B.S., 
A.M., Ph.D., Late Consultant in Ps3'chol- 
og3'. New Mexico State Department of 
Welfare. Pp. 252. Phila.: J. B. Lippin- 
cott, 1947. Price, S4.00. 

Sex Power in Marriage. B3’^ Ed-win W. 
Hirsch, B.S., M.D. Pp. 218. Chicago: 
Research Publications, 1947. Price, 83.00. 

Trichomonas Vaginalis and Trichomoniasis. 
By Ray E. Trussell, M.D., Associate in 
H3'giene and Preventive IMedicine, State 
University of Iowa. Introduction by E. D. 
Pn^ss, if.D. Pp. 277; 19 figs. Springfield, 
111.: Charles C Thomas, 1947. Price, 
86 . 00 . 


Electrocardiografia Clinica. Por el Dr. 
Sergio Alvarez Mena, Instructor de la 
Facultad de Medicina. Jefe del Ser-Ficio 
de Cardiologia de la Catedra de Pathologia 
Medica del Hospital Universitario. Pp. 
567; 240 ills. Havana, Cuba; M. V. 
Fresneda, 1947. Price not given. 

Ocidar Therapeutics. By William J. Har- 
rison, Phar.D., M.D., F.A.C.S. Associate 
Professor in Ophthalmolog3', Jefferson 
Medical College. Pp. 112. Springfield, 
111.; Charles C Thomas, 1947. Price, 
-83.50. 

This is a compendium of prescriptions com- 
monly used in Ophthalmologj'. It does not 
have any advantage over the other books on 
ocular therapeutics which include not only a 
resume of the drugs used but also the standard 
treatments for various diseases of the eyes. One 
cannot use this book, for example, to treat a 
specific ocular condition since disease processes 
are not listed even in the index. For that reason 
its usefulness is considerabb' limited. F. A. 

Morphologic Hematology. Special Issue No. 
1. Edited by Willi.am Dajieshek, M.D. 
Pp. 200. New York; Grune & Stratton, 
1947. Price, 84.75. 

Kompendium der Parasitischen Warmer im 
Menschen. Von Hans A. Kreis, Privat- 
dozent der Parasitologie an der Universitat 
Bern. Pp. 136; 70 ills. Basel; Benno 
Schwabe & Co., 1947. Price, Gebunden 
Fr. 10. 


NEW EDITIONS 

Bacteriology Laboratory Directions for Phar- 
macy Students. Compiled 133' Milan 
Novak, Ph.D., M.D., Professor Bacteriol- 
og3’^ and Public Health, Universit3’^ of 
Illinois. 2nd ed. Pp. 248. St. Louis: C.Y. 
Mosby, 1947. Price, 82.75. 

Infant Nutrition. B3^ P. C. Jeans, A.B., 
M.D., Professor of Pediatrics, State Uni- 
ATrsit3’’ of Iowa, and Williams jMcKim 
jMarhiott, B.S., M.D., Late Professor of 
Pediatrics, Washington Universit3’. 4th 
ed. Pp. 495; 36 ills. St. Louis: C. V' 
jMosb3', 1947. Price, 86.50. 

Rypins’ Medical Licensure Examinations. 
Bv Walter L. Bierring, M.D., F.A.C.P., 
M.R.C.P., Edin. (Hon). With the Col- 
laboration of a Review Panel. 6th ed. 
Pp. 690. Phila.; J. B. Lippincott, 1947. 
Price, 86.00. 
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This edition continues to present the subject 
matter on which there is “a general agreement 
regarding the material essential for the candi- 
date for licensure.” Each chapter ends with a 
few pages of sample questions. It is presented 
under 12 headings by 12 collaborators. The 
treatment is necessarily brief — 53 pages for 
physiology, for example — and sometimes not 
up to date. 

Recent Advances in Endocrinology. By A. T. 
Cameron, C.M.G., D.Sc.; Professor of 
Biochemistry, Faculty of Medicine, Uni- 
versity of Manitoba. 6th ed. Pp. 443; 
71 figs, 3 plates. Phila. and Toronto; 
Blakiston, 1947. Price, $6.00. 

This small but excellent work, like its five 
predecessors, contains a brief resume of most 
of the latest work in the field of endocrinology. 
Each section is organized about one of the endo- 
crine glands and presents in addition to the new 
developments made in the study of the physio- 
logic and pathologic processes of each gland the 
old work which has stood the test of time. Both 
the classic and the very recent forms of therapy 
are presented in every instance and every sec- 
tion is followed by a lengthy bibliography, so 
that one may readily consult the sources of the 
material used. (J. McC.) 

A Textbook of Clinical Neurology. By Israei-, 
S. Wbchsler, M.D., Clinical Professor of 
Neurologj', Columbia Unive^sit 3 ^ 6th ed. 
Pp. 829; 162 ills. Phila.: W. B. Saunders, 
1947. Price, 88.50. 

The text is considered in the following parts; 
Method of Examination, Spinal Cord, Peri- 
pheral Nerves, Brain, Neuroses, with almost 
half the space taken by Brain. The psychoan- 


alytic approach is Freudian. Psychosomatu' 
medicine is not discussed. The customary 
chapters on anatomy and physiology are omit- 
ted. All subjects are given concise and practical 
treatment, with scant reference to the work of 
others. 

Synopsis of Allergy. By Harry L. Alex- 
ander, A.B., M.D., Professor of Clinical 
Medicine, Washington University. 2nd 
ed. Pp. 255; 22 ills. St. Louis: C. V. 
Mosby, 1947. Price, 83.50. 

Annual Review of Biochemistry. Edited by 
J. Murray Luck, Hubert S. Loring 
and Gordon Mackinney. Vol. XVI. 
Stanford University P. 0., California; 
Pp. 740. Annual Reviews, Inc., 1947. 
Price, 86.00. 

The latest volume in this valuable series con- 
tinues the excellent tradition and purposes of 
its forerunners. The end of the war has resulted 
happily in an increase in the number of con- 
tributors from abroad, among them E. G- V. 
Percival on the Chemistry of Carbohydrates, 
D. P. Cuthbertson on the Metabolism of Pro- 
teins, H. Lundegardh on the Mineral Nutrition 
of Plants, and.D- D- Woods on Bacterial Metab- 
olism. 

Besides the usual topics, such as Biological 
Oxidations and Reductions, this year’s review 
has articles in less customary fields; Carotenoid 
and Indolic Biochromes by Denis L. Fox, 
Nitrogenous Constituents of Plants by F. C. 
Steward and H. E. Street, Growth Substances 
in Higher Plants by Folke Skoog, and Marine 
Bacteriology by Claude ZoBell. 

The volume is most highly recommended 

(D. D.) 
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